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PREFACE. 


.NUMEROUS  and  rapid  as  have  been  the 
improvements  made  in  the  branches  of 
natural  knowledge  chiefly  cultivated  in 
France  and  England  iince  the  year  1784 
(that  in  which  the  firft  edition  of  thefe 
Elements  has  appeared),  thofe  that  have 
fallen  to  the  mare  of  Mineralogy,  the  branch 
with  us  leaft  attended  to,  have  equalled  and 
kept  pace  with  them.  In  the  preceding  de- 
cennial  period,  from  177410  1784,  Mine- 
ralogy may  befaid  to  have  for  the  firft  time 
affumed  its  rank  among  the  fciences,  its 
fimpleft  elements  having  been  for  the  moft 
pa'rt  difcovered,  and  eftablifhed  within  that 
period,  its  leading  diftinctions  afcertained, 
and  the  great  art  of  refolving  the  moft 
complex  into  the  fimpleft  fubftances  not 
barely  improved,  but  in  a  manner  created. 
In  the  fucceeding  period,  from  1784  to  the 
prefent  year,  our  knowledge  refpedling  each 
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of  thefe  objects  has  been  flill  farther  ex- 
tended ;  precife  lines  of  difcrimination  have 
been  traced  even  in  the  minuter  fub-divi- 
fions  of  the  fcience ;  the  grofs  indications 
of  the  unaffifted  fenfes,  freed  from  their  at- 
tendant fallacies,  have  been  prefled  into  its 
fervice ;  the  more  refined  chemical  tefls  ftill 
farther  perfected  have  been  rendered  more 
conclufive ;  many  new  fpecies  brought  to 
light ;  the  catalogue  of  the  elementary  fub- 
JLiances  nearly  completed  ;  and  the  great 
art  of  analyfis,  extended  far  beyond  its  for- 
mer limite,  now  nearly  reaches  the  precifiori 
of  an  algebraic  formula. 

Having  thus  fummarily  marked  the  pro- 
grefs  of  the  art,  I  (hould  confider  it  as  an 
act  of  injuftice  to  fupprefs  the  illuflrious 
names  to  whom  we  are  indebted  for  thefe 
acquirements;  if  in  the  former  period  a 
Scheele  and  a  Bergman  challenged  our  gra- 
titude and  admiration,  in  the  prefent,  thefe 
fentiments  are  juflly  due  to  a  Klaproth  and 
a  Werner  ;  to  the  former  we  owe  the  moft 
accurate,  tubtle,  and  refined  analyfes  ;  to 
the  latter,  the  felection,  depuration,  and 
judicious  application  of  the  external  charac- 
ters of  foiTils  ;  the  former  detects  the  inter- 
nal principles,  the  latter  depicts  the  fub- 
flances  to  which  thofe  principles  belong; 
if  the  refearches  of  the  former  have  in  ma- 
ny cafes  led  him  to  the  difcovery  of  new 
and  uniufpected  elements,  thofe  of  the  latter, 
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by  a  happy  companion  of  the  habitudes  of 
adjacent  foffils,  have  led  him  to  the  true 
designation  ot.  their  origin  j  by  the  joint 
efforts  of  both,  as  far  as  thefe  investigations 
have  hitherto  reached,  not  only  the  nature 
and  properties  of  minerals  iingly  taken,  but 
alfo  their  relations,  connections,  and  depen- 
dei)cies  on  each  other*  have  received  the  ful- 
left  and  moft  fatisfa&ory  illustration. 

If  from  the  profpect  of  thefe  improve- 
ments we  now  turn  our  attention  to  the  caufes 
of  this  unexampled  progrefs,  we  may  eafily 
deduce  them  from  the  evident  change,  I  may 
almoft  fay  revolution,  that  has  taken  place 
in  the  public  mind  within  thefe  laft  ten 
years.  Nations  in  the  full  enjoyment  of  the 
moft  considerable  natural  advantages,  extent 
of  territory,  fertility  of  foil,  benignity  of  cli- 
mate, have  beheld  within  that  Short  period, 
with  mixed  fentiments  of  aftonimment,  en- 
vy, and  regret,  that  fuperiority  of  opulence, 
relburces,  and  power,  conferred  by  an  un- 
remitted  and  fuccefsful  application  of  the 
mathematical  and  phyfical  Sciences  on  king- 
doms to  whom  nature  had  in  every  refpect 
been  much  lefs  liberal ;  they  jobferved  the 
connexion  of  Mineralogy  in  particular,  not 
only  with  Subterraneous  Subftances  to  which 
it  was  long  erroneously  fuppofed  exclufively 
confined  ;  but  with  all  the  inorganic  matter 
that  forms  the  earth's  furface,  and,  confe- 
quently,  with  Agriculture,  Medicine,  and 
a  4  ths 
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the  raw  materials,  or  necefTary  inftruments 
of  all  manufactures  that  fupply  either  the 
neceflaries,  comrorts,  or  luxuries  of  human 
life  ;  in  confequence  of  thefe  observations, 
all  the  European  nations  zealoufly  concurred 
in  paying  a  fuller  attention  to  its  cultiva- 
tion *  ;  many  have  been  immediately  re- 
warded by  the  difcovery  of  fubftances  within 
their  own  territories,  before  imported  with 
great  difficulty  and  expence  from  other 
countries  -j-,  mineralcgical  voyages  were  eve- 
ry where  undertaken,  mineralogical  collec- 
tions, if  not  firft  formed,  became  more  nu- 
merous, and  far  more  fcientifically  arranged  ; 
treatifes  on  this  object  have  appeared  in  all 
languages  ;  Germany,  in  every  inftance, 
outpafTed  even  its  former  exertions,  and  (lill 
continues  to  uphold  its  antient  fuperiority  ; 
there  a  mineralogical  fociety  has  been  for- 
med, whole  branches  extend  to  all  parts  of 
the  globe,  and  of  whofe  tranfactions  iome 
volumes  have  already  appeared  ;  fimilar, 
though  Ids  extenfive,  aflbciations  have  taken 
place  in  other  countries  ;  eminence  in  this 
Icience  has  at  once  been  rewarded  and  mul- 
tiplied by  public  efteem,  civil  honours,  and 
emoluments;  and  thus  every  motive  to  hu» 
man  industry  happily  applied. 

It  will,  I  fuppoie,  be  readily  granted,  that 
the  multifarious  itock  of  information,  thua 

*  Portugal  excep'ed. 

-fr  As  cobalr,  coal,  fuller's  earth,  tarra?,  &rc. 
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promifcuoufly  accumulated  in  feveral  king- 
doms, conveyed  in  various   languages,  and 
not  always  prefented  in  the  moft  intelligible 
manner,  could  not  eafily  be  collected,  digef- 
ted,  and  arranged,  or  in  many  cafes  readily 
imderftood  ;    inch,  indeed,  were   the   diffi- 
culties attendant  on   fuch   an   undertaking, 
that,  were  I  not  encouraged  hy  an  event  as 
favourable  as  unexpected,  I  mould  defpair  of 
attempting  it  with  any  profpect  of  fuccefs; 
the  event  I  allude  to  is  the  acquisition  of  the 
Lefkcan  colleclion  of  foilils,  the  mod:   per- 
fect monument  of  mineralogical  ability  now 
extant;  that  the  polfcffion   of  this  cabinet 
Ihould  efcape  the  vig'riance  of  the  moil  learn- 
ed nations  and   fall   to   the  lot  of  Ireland, 
hitherto   fo   inattentive  to  matters  of  this 
nature,  was  little  to   be  expected  ;  through 
the  active  zeal,  however,  ot  two. of  its  molt 
enlightened  patriots  *,  and  the  influence  le- 
cured  to  them  by  former  Cervices  of  the  mod 
cflential  nature,   the   Aims   requitite  for  its 
purchafe,   and  for   building   a  repofuory   to 
receive  it,  were  obtained  ;  hitherto  its  trea- 
fures   have  been  unveiled  only  to  my  eyes ; 
the  time,  however,  approaches  in  which  it 
will  be  laid  open   to  the  inipeclion  of  the: 
curious,  and  thence  we  may  date  the  difFu- 
fion  of  exacl  mineralogical  knowledge,   not 
otily  in  this,  but  .perhaps  in  the  neighbouring 

*  Ri«ht  Hon.   John   Forfler,  Speaker  of  the  Houfe   of 
Comnioa?,  and  the  Right  Hon,  William  Burton  Cuhntogbain. 

countries. 


Countries.  I  fay  exact,  for  among  feverat 
intelligent  foreigners  who  have  lately  pafled 
into  this  kingdom,  to  whom  I  exhibited  a 
few  fpccimens  of  various  foffils,  I  met  none, 
except  thole  of  the  Wernerian  fchool,  who 
could  truly  diftinguifh  them. 

From  the  infpection  of  this  cabinet,  the 
ufe  I  was  permitted  to  make  of  its  fpecimens, 
and  the  well-digefted  catalogue  annexed  to 
it,  1  derived  numerous  advantages,  being 
enabled  to  rectify  falfe  defcriptions,  deter- 
mine the  ambiguous,  enlarge  the  defective, 
difcriminate  or  appropriate,  as  the  cafe  might 
be,  fubfhnces  to  which  either  the  fame  or 
different  denominations  had  commonly  here- 
tofore been  erroneoufly  applied,  and  even  to 
add  new  defcriptions,  fuggeft  new  diftino 
tions,  and  fupply  additional  characters  or 
tefts  of  Jubilances  nearly  bordering  on  each 
other  :  for  this  purpofs  1  fcrupuloufly  exa- 
mined the  fpecific  gravities  of  moft  of  the 
fuhfbinces  mentioned  in  the  following  work, 
as  well  as  their  fuiibility  in  various  degrees 
of  heat  by  the  help  of  Mr.  Wedgewood's 
pyrometer  j  and,  to  extract  from  theie  all  the 
light  thev  were  capable  of  affording,  I  made 
many  new  experiment^  on  the  fuiibility  of 
various  combinations  of  the.fimple  earths, 
to  the  advantage  as  1  expect  of  the  arts  of 
pottery  and  vitrification. 

The  reader  will  probably  be  defirous  to 
know  on  what  grounds  the  authority  of  the 
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Lelkean  cabinet  refts,  on  which  I  fo  much 
rely  ;  thefe  I  the  more  readily  undertake  to 
explain,  as  they  lead  me  to  a  fumrnary 
defcription  of  the  various  parts  of  which  it 
confifts,  and  the  marks  by  which  they  are 
diftinguifhed  in  the  quotations  in  which  I 
refer  to  them. 

Previous  to  the  year  1780,  Mineralogy, 
though  tolerably  underflood  by  many  as  an 
art,  could  fcarce  be  deemed  a  fcience,  being, 
for  want  of  precife  definitions  of  its  objects, 
incapable  of  communication  :  the  fame  fub- 
ftance,  from  fome  {light  variation  of  appear- 
ance,  was  often  denoted  by  different  names, 
and  different  fubftances  by  the  fame  name ; 
its  deicriptive  language,  was,  for  the  mod 
part,  arbitrary,  vague,  and  ambiguous,  each 
author  ufing  that  which  feemed  to  'him  beft 
to  anfwer  his  purpofe ;  to  obviate  the  con- 
fufion  thence  enfuing,  chemical  tells  were 
applied  ;  but  even  thefe  were  found  in  many 
caies  inefficient,  unlefs  the  fubftances  ex- 
pofed  to  them  were  thoroughly  analyzed  ; 
a  work  of  great  difficulty,  involving  an  in- 
tolerable length  of  time,  and,  when  execu- 
ted, demonstrative  only  of  the  individual 
fubftance  to  which  it  was  applied.  When 
any  new  fpecimen  occurred,  it  might  ftill 
be  queftioned  whether  it  was  or  was  not  of 
the  fame  nature  as  that  already  analyzed ; 
recourfe  muft  then  have  been  had  to  deiciip- 
tion,  and  thus  the  fame  inconveniences  re- 
6  curred. 
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curred.  After  many  ineffectual  attempts  to 
obviate  thefe  difficulties,  by  Linnaeus, 
Peithner,  and  others,  defcriptive  language 
was  at  laft  reduced  to  as  much  precifion  as 
it  was  capable  of  receiving  by  Mr.  Wer- 
ner in  17/4,  and  by  the  union  of  external 
characters  thus  defcrlbed,  with  the  relults  of 
chemical  analyfes,  the  denominations  of  moft 
of  the  earths  and  ftony  fubftances  then 
known,  were  finally  fettled  by  the  fame  il- 
luftrious  author  in  his  Notes  on  Cronftedt, 
published  in  1780. 

All  the  mine  ralogical  collections,  there- 
fore, formed  before  that  year,  or  even  lince, 
if  arranged  on  other  principles,  are  neceffa- 
rily  in  many  refpects  defective  and  erro- 
neous.. 

Of  the  many  excellent  difciples  formed 
fey  Mr.  Werner,  Lefke,  the  framer  of  the 
preient  collection,  'was  one  of  the  earlieft 
and  nioft  eminent ;  upon  Werner's  princi- 
ples, and  with  his  ailiftance,  it  was  arranged 
between  the  years  1782  and  1787.  Upon 
the  deceafe  of  Mr.  Lefke,  it  was  revifed, 
corrected,  and  enlarged,  by  Mr.  Kariten,  alfo 
a  diiciple  of  Mr.  Werner's,  and,  next  to  him, 
perhaps  the  moft  acute  and  judicious  mine- 
ralogiir  now  exifting  ;  to  him  we  owe  the 
catalogue  that  ?ccompames  the  cabinet,  and 
which,  like  this,  is  divided  into  five  parts  ; 
the  hrft,  deftined  to  convey  the  knowledge 
ef  the  .dekriptive  language,  by  exhibiting  to 
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the  fenfes  the  characters  defcribed,  is  called 
$he  charatterijlic  part,  and  is  marked  K ;  it 
.contifts  of  580  fpecimens.  The  lecond  part 
contains  the  fyjlernatic  or  oryclognoftic  col- 
lection, as  it  is  called,  and  thence  marked  O; 
in  this,  the  (impler  foffils  are  diftinguifhed 
under  their  Genera  and  Species,  according 
to  the  method  then  followed  by  Mr.  Wer- 
ner ;  it  exhibits  3268  fpecimeiib.  The  third 
£>cirt  is  called  geognojllc  or  geological,  and 
thence  is  marked  G,  preientin^  the  fub- 
ilances  found  in  primaeval,  itratified,  alu- 
yial,  and  volcanic  mountains,  and  contain- 
ing perhaps  the  completed  collection  of  pe- 
trifa&ions  now  extant  ;  it  conlifts  of  j  100 
fpecimens.  The  fourth  is  dedined  to  pre- 
fent  fpecimens  of  the  foffils  found  in  diffe- 
rent parts  of  the  globe,  proceeding,  in  an 
orderly  feries,  from  America  to  Afia,  Eu- 
rope, and  Africa,  and  hence  marked  S;  this, 
though  it  prefents  1909  fpecimens,  is  necef- 
larily  the  moft  defective,  being  in  reality 
the  bare  outline  of  an  immenfe  plan,  which 
can  be  completed  only  by  national  opu- 
lence, when  all  parts  of  the  globe  have 
been  thoroughly  explored,  and  Mineralogy 
extended  to  the  utmoft  limits  of  ideal  per- 
fection ;  yet,  imperfect  as  it  is,  it  may  be, 
to  perfons  who  have  already  made  fome 
progrefs  in  mineralogical  knowledge,  by 
far  the  moft  inftruclive,  as  it  difcovers  an 
immenfe  variety  of  fubflances  of  the  fame 
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denomination,  fo  multifarioufly  difguifed 
that  it  required  all  the  fagacity  of  a  Kar- 
ften  to  elucidate  and  diftinguiih  them  :  this 
part  is  particularly  rich  in  German  foffils, 
"more  efpecially  the  Saxon,  with  the  re- 
ferences to  the  accounts  of  Charpentier,  and 
Leike's  minemlogical  travels,  in  which  they 
are  more  minutely  defcribed  j  here  alio  we 
meet  thofe  Ju/ficious  foffils  found  in  the  dio- 
cefe  of  Fulcb,  and  on  the  borders  of  the 
Rhine,  which  many  have  fuppofed  to  be 
volcanic,  with  references  to  Voight,  who 
has  defcribed  them  under  names  alluding  to 
this  origin.  The  fifth  is  called  the  (Econo- 
mical collection,  being  formed  of  474  fpeci- 
mens  of  the  foffils  uled  in  various  arts  and 
manufactures,  as  artchitedure,  fculpture, 
agriculture,  jewellery,  colouring,  dying, 
cioathing,  pottery,  glazing,  enamelling, 
polifhing  of  metals,  furnace  building,  me- 
dicine, metallurgy,  &c. 

The  whole  cabinet  contains  7331  fpeci- 
mens,  and  as  (except  that  of  the  mineralo- 
gical  fchcol  at  Fribourg,  and  that  of  Mr. 
Pabft  Von  Ohain)  it  is  tiie  only  one  that 
contains  ipecimens  of  almcit  every  known 
fpecie?,  arranged  on  fixed  principles,  and, 
;it  kafl  for  the  moil  part  truly  denomina- 
ted, irs  value  may  thence  be  eftimated. 
That  of  Mr.  Pabit  contains  only  6673  ipe- 
cimens. 

Com- 


Complete  as  this  collection  may  appear, 
in  companion  with  all  others  hitherto  for- 
med, it  neceffarily  partakes  of  the  imper- 
fect ftate  of  the  fcience  itfelf ;  and  being 
the  work  of  an  individual,  far  removed 
from  opulence,  and  fome  years  dead,  it  is 
defective  with  refpect  to  fome  fubftances 
lately  difcovered,  and  alfo  in  Englifh,  alpine, 
and  volcanic  fpecimens;  of  tbefe  laft,  how- 
ever, at  lead  of  thofe  of  Vefuvius,  the 
Royal  Irifh  Academy  pofTefles  a  very  ample 
and  well-digefted  feries  through  the  bounty 
of  the  Reverend  Mr.  Graydon,  not  bought 
up  from  ignorant  or  fwindling  dealers  at 
Naples,  but  painfully  collected  by  himfelf 
on  that  mountain,  and  the  neighbouring 
territory;  his  uncommon  fagacity  in  tracing 
appearances  to  their  true  caufes,  and  the 
knowledge  he  acquired  through  a  careful 
attention  to  local  circumftances,  have  ena- 
bled him  to  deduce  the  intricate  filiation 
and  connection  of  thele  productions  with 
all  the  fatisf action  and  certainty  that  the 
nature  of  the  fubjedt  can  admit. 

The  preient  edition  of  thefe  Elements  of 
Mineralogy  being  grounded  on  a  foundation 
fo  very  different  from  the  former,  necef- 
farily affumes  a  very  different  form,  being 
much  more  copious,  and,  as  I  hope,  infi- 
nitely more  perfect.  The  external  charac- 
ters (cryftailization  excepted)  are  enume- 
rated and  deicribed  with  very  little  varia- 
tion 


tloii  from  Mr.  Werner's  traft  on  that  fub- 
ject ;  iome  new  Genera,  and  many  new 
Species,  are  introduced,  the  analyhs  by 
different  perfons  annexed.  Not  fiavilhly 
addicted  to  any  fyftem,  I  have  taken  the 
liberty,  when  I  thought  it  neccfiar^ ,  of 
framing  new  diftin&ions,  and  even,  of  in- 
troducing a  new  clafs  ;  I  have  alfo  added 
the  defcription  of  fome  Irifli  foffils,  which 
appeared  not  to  have  been  known  in  other 
countries.  Volcanic  productions,  that  in 
the  former  edition  were  but  (lightly  men- 
tioned, will  here  be  found  minutely  confi- 
dered,  and  the  origin  of  bafalt  fully  di£- 
cuffed.  I  have  allo  treated  of  the  analyfis 
of  Earths  and  Stones  much  more  at  large 
than  btfore,  and  impartially  examined  thole 
already  made ;  in  a  word,  I  hope  1  have 
faithfully  reprefented  in  this  volume  the 
prefent  fhte  of  the  fcience,  as  far  as  Earths 
and  Stones  are  concerned.  Thefecond  part, 
which  treats  of  faline,  inflammable,  and 
metallic  fubftances,  is  in  fome  forwardnefs, 
and  will,  I  expect,  be  ready  for  publication 
in  a  twelvemonth. 

Dublin,  Jan.  I,   1795. 
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Jargonic  Earth,  or  Jargonia  —  14 
Sidneia,  or  Sidney  Earth  —  15 
Adamantine  Earth  —  —  17 
Calces  of  Iron  —  ib. 
Of  the  Formation  of  Stony  Subftances  18 
Of  the  diftinctive  Characters,  and  fyltema- 

tic  Arrangement  of  Earths  and  S;oncs  23 

Of  thr  internal  Properties  of  Minerals  42 
An  Idea  of  the  CLffification  ot   Earths   and 

Stones  45 
Experiments  on    the    fufib  e    and    infufible 

Proportions  of  Simple  Earths         —  49 
b        -'                     Tables 


(    xviii    ) 

Tables  of  the   Fufibility  of   the    Simple 
Earths  mixed  in  various  Proportions,  in 

Heats  not  exceeding  166°  of  Wedgewood  5$ 

Calcareous  Genus. 

Native  Lime                                   —  74 

Carbonate  de  Chaux              '  —  75 

Agaric  Mineral             —                  —  76 

Chalk                —                        —  77 

Ganil            —                —                 —  78 

Teftaceous  Tufa                 —                 —  79 

Limeftone,  Compact                —  So 

Splintery  fracture             —  82 

Conchoidal  frafture          —  ib. 

Earthy  fracture            —  ib. 

Slaty  fracture  83 

Foliated  and  granular        —  84 

Sparry        —                     —  86 

Arragon  Spar                 —  87 

Striated,  or  fibrous             —  88 

Swineftone                • —                 —  89 

Oviform             —                         —  91 

Baryto-Calcite             —                   —  ib. 

Muri-Calcite                 —                 —  92, 

Argillo-Calcite             —                 —  93 

Marl,  Semi-indurated                 —  94 

Indurated             — •                      —  95 

Siliciferous                     — -  97 

Marlites                  —                         —  98 

Argilliferous            —               —  99 

Siliciferous             —                —  101 

Bituminous                   —  103 

Pyritaceous  Limeftone                —  104 

jirg'-ntine             —                          —  ib. 

Sidero-Cakite             —                      —  105 

Ferri-Calcite           —               —  no 

Dolomite 
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Dolomite                —                    —  in 

Elaftic  Marble                     —  113 

Obfervations            —                — •  114 

Gypfum            —             —                —  118 

Farinaceous                   —  120 

Compact          —                —  121 

Fibrous,  or  flriated            —  122 

Foliated                 —                 ~  ib. 

Specular                —                 —  123 

Fluor             —                                    —  125 

Sandy                —                 —  126 

Compact                - —                —  127 

Foliated,  or  Sparry              —  ib. 

Phofphorite  128 

Tungften        —  — •  —-131 

Grey        —                    —  132, 

Brown            —                  —  ib. 

Barytic  Genus. 

Barolite,  or  aerated  Barytes            —  134 

Barofelenite              •                           —  136 

Earthy              ' 138 

Compact                     —  ib. 

Foliated                 •  140 

Striated,  or  fibrous          —  141 

Acicular              . 142 

Liver-ftone        143 

Muriatic  Genus* 

Kiffekill                                           144 

Martial  Muriatic  Spar                        •  145 

Calci-murite                     146 

Argillo-murite                                  —  ib. 
b  2                       Chlorite 
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Chlorite                —                    __  I4y 

Indurated  148 

Slaty                     ib. 

Talcite             •                      149 

Talc             150 

Shiftofe                     • 151 

Steatites,  Common                         •  ib. 

Indurated              153 

Foliated                     —  154 

Pot  ftone                         j  155 

Serpentine                 —                     —  156 

Albefrus             •                     — — >  159 

Ligniform                       •  161 

Amianthus                      ib. 

Suber  montanum                 .  163 

Amianthinite                      *•  164 

Afbeftinite                         165 

Afbeftoid,  Common             166 

Metalliform             167 

AftinolytCj  Lamellar  ib. 

Shorlaceous  168 

Glafiy  ib. 

Jade                  —                          —  171 

Boracite                 172 

Argillaceous  Genus. 

Argillaceous  Earths              • •  174 

Native  Argill  17^ 

Of  Clays  in  general                 j  76 

Porcelain  Clay                      , —  178 

Potter's  Clay                    180 

Indurated  Clay  18 1 

ShifiofeClay                 . 182 

Shale             182 

Bituminous                 i8g 

Fuller's 
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Fuller's  Earth  -  184 

Lithomarga  -  187 

Friable  -  ib. 

Indurated  -  188 

Bole  190 

Argillaceous  Marl  —  191 

Chalk,  Red  -  193 

Yellow  •  -  194 

Black  -  195 

Green  Earth  -  •  196 

Umber            -  -  197 

Difference  of  the  foregoing  Earths  ib. 

Tripoli  202 

Observations  204 

Phofpholite  -  207 

Lepidolite  -  208 

Sappare  —  •  209 

Mica  -  210 

Micarelle  -  2  1  2 

Hornblende  —  -  213 

Bafaldne  -  219 

Labradore  Hornblende  —  221 

Schiller  Spar  -  •  ib. 

Shiftofe  Hornblende  -  222 

Wacken  -  223 

Mullen  -  225 

Kragg  -  226 

Trap                         .  -  227 

Bafalt  -  23  1 

Calp                 -  —  233 

Argillite  —  234 

Novaculite  -  •  -  238 


b  3  Siliceous 
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.  Siliceous  Genus, 

Mountain  Cryftal  and  Quartz  241 

Amethyft            —                      —  246 

Emerald                         —  247 

Beryl! 248 

Prafiutn                         249 

Oriental  Ruby                      •  250 

Topaz  251 

Sapphire  252 

Spinell  and  Balafs  Rubies              —  253 

Occidental  or  Brafilif.n  Ruby  254 

Topaz •  ib. 

or  Brafilian  Sapphire  —         256 

Hyacinth                                    •  257 

Garnet                        258 

Oriental                     ib. 

Common                   — — •  259 

Amorphous                    —  261 

Chryfoberyll                       ib. 

Chryfolite                          -  262 

Olivin                              263 

Obfidian                             —  264 

Shorl                         >•         •  265 

Tourmaline                          271 

Thumerftone                     273 

Prehnite                             —  274 
j^Edelite,  or  Siliceous  Zeolite             —          276 

Zeolite                              278 

Staurolite,  or  Crofs  Stone  of  St.  Andreafberg 

in  the  Hartz                      —  282 

"Lapis  Lazuli  283 

Chryioprafium                   ••  284 
Vefuvian,  or  White  Garnet  of  Vefuvius         285 

Shorlite  286 

Rubellite 288 

Opal                              —  .289 

Semi 
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Semi  Opal                        290 

Pitchftone                         —  292 

Hydrophanes  295 
Hyalite,  Mullens  Glafs  of  the  Germans        296 

Calcedony                        297 

Common                  —  298 

Carnelian  300 

'Cat's  Eye                    301 

Flint  —  ib. 

Hornftone                         —  303 

Schiftofe  Hornftone                     —  305 

Siliceous  Shiftus                            •  306 

Bafanite                            —  307 

Hornflate                     -  ib. 

Jafper                            . 309 

Common                        —  310 

Striped                    — •  3 1 2 

^Egyptian  Pebble                     —  ib. 

Sinople                 — .                        «~  315 

Porcellanite                     _ -— ,  ib. 

Heliotropium  314 

Wood  ft  one                        315 

Elaftic  Quartz                        —  316 

Felfpar                           —  317 

Common                       — •  ib. 

Moon  Stone                —  322 

Continuous  323 

labradore  Stone                    —  324 

Petrilite                          ——  32^ 

Felfite                           .  326 

Argentine  Felfpar                    —  327 
Of  the  Redftone  of  Rawenftein         — «         328 

Siliceous  Spar                      329 

Of  Agates                           —  330 

Stronthian  Genus                         •  •,  332 

b  4  Jargon 
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Jargon  Genus  333 

Sydn    a  Genus  334 

.Adamantine  Genus  — 335 

Of  Aggregated  Stones  —  338 

Granite  (Quartz,   Felfpar,  Mica)  ib. 

Sienae    (Quartz,   Felfpar,  Hornblende,    or 

Quartz,  feifpar,  Hornblende,  and  Mica)    341 
Graninne     Triplets,  formed    of   any    triple 
^g<  relation    of  Quirtz,    Felfpar,  Mica, 
Jbhu-l,    Jjde,    Hornblende,    Garnet,  Ser- 
pentine) . 342 

Norkd,  or   jMurkften   (Quartz,  Mica,  Gar- 

n*:)  343 

Gruniien  (Hornblende  and  Mica,  Hornblende 

ami  r  til  par)                       — — — -  ib. 

GriiniteJl  (Duplicates)                   —  ib. 

^       ;(  n  (Quartz  and  Mica)  344 

Rapikivi  (r  t-iij-ar  and  IVJ-.ca)  345 

Granilite  (Aggregates  of  tour)  346 

Gmiis                               ib. 

Shiilofe  Mica  (Quartz  and  Mica)  348 

Porphyry                             . 349 

Anngdaloid                           —  358 

Padding- Stone                    • 360 

Sandflon- s  361 

Qu dd rum  Cos  362 

Tocir  liegendes  363 

Salindre  364 

Kuhble-ftone,  Giauwacke  366 

Breccias                                 ib. 

Nagel  Fluhe  367 

Anomalous  Grits                       —  ib. 

Horn  Rock  368 

Serpentine  Rock                       —  ib. 

Topaz  Rock                          —  ib. 

Garnet 
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Garnet  Rock  3?8 

Steatitic  Rock  ib. 

Variolites ib. 

Of  Mixed  Earths  and  Derivative  Stones. 

Mixed  Earths  37  * 

Of  the  Calcareous  Genus. 

Limeftones                            - —  373 

Calces  of  Iron  374 

Spars                                  ib. 

Marls                         375 

Gypfum                        ib. 

Muriatic  Genus. 

Potftone  376 

Siliciferous                     —  ib. 

Steatites                           377 

Calciferous  Afbeflinite  ib. 

Serpentine                        — -  ib. 

Argillaceous  Genus. 

Trap  377 

Siliciferous                          —  ib. 

Intimately  mixed  with  Kragg  380 

Intimately  mixed  with  Hornblende  ib. 

Intimately  mixed  with  Serpentine  381 

Argillite,  Siliciferous  ib. 

Trapiferous  382 

Talcofe                    ib. 

Calciferous                  •  ib. 

Hornblende  Slate,  penetrated  with  1'alcor  Mica  3  8  3 

Hornblende,  penetrated  with  Garnets  ib. 
Hornblende  Slate,  penetrated  with  an  Excefs 

of  Quartz  384 

Mullen,  penetrated  with  Afbeftinite  ib. 

Trap  pafling  into  Granite  ib. 

i  Ferruginous 
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Ferruginous  Argillite                    — •  385 

Argillite,  with  an  Excefs  of  Argill             '  ib. 

Siliceous  Genus. 

Iron  Shot  Quartz                    —  386 

Earthy  Quartz  387 
Earthy  Quartz,  penetrated  with  yellowifh 

green  A&inolite                    ..  388 

Earthy  Hornftone                    —  389 

Ferruginous  Hornftone                 —  390 

Siliceous  Shiftus,  penetrated  with  Argillite  391 

penetrated  with  Mullen  ib. 

penetrated  with  Limeftone  392, 

Pitch  ft  one,  penetrated  with  Opal  ib. 

Granite,  penetrated  with  Argillite  ib. 

FIRST  APPENDIX. 

Diamond                         • 39^ 

SECOND  APPENDIX. 
Of  Stones  and  Earths  that  owe  their  Origin 

to  Fire                            —  394 

Of  Volcanos  in  general              —  ib. 

Of  Velcanic  Productions             -_  400 

Of  Lavas  in  general                     — .  ib. 

Of  Vitreous  Lavas                     —  ib. 

Of  Enamels  401 

Of  Volcanic  Scoris                     —           -  402 

Of  Volcanic  Slaggs                 _  403 

Of  Cellular  Lava                     —           ,  ib. 

Of  Compact  Lava                    —  404 

Of  Volcanic  Afhes                     —  410 

Of  Pouzzolana                     —  411 

Trafs  or  Terras                      —  413 

Tufas                 -—                             —  414 

Piperino 
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Piperino  •  415 

Pumice  —  —  ib. 

Of  Stony  Subdances  ejefted,  unaltered,  or 

but  i/'ghrly  injured  416 

Of  Pfcudo-Volcanos,  and  Superficial  Fires  419 
Of  the  Diftinctive  Chambers  of  Volcanic 

and  Neptunian  Mountains  420 

Of  Stones  to  which  a  Volcanic  Origin  has 

been  improperly  afcribed  —  426 

Of  Shorls,  or  Bafaltines,  and  White  Garnets  ib. 
Zeolytes  418 

Of  Traps  and  Bafalts  —  43 1 

THIRD  APPENDIX. 

Of  the  Chemical  Analyfis  of  Earths  and 
Stones  —  —          459 
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ERRATA. 

***  The  Reader's  Indulgence  is  requeued  for  the  following 
Errata,  occafioned  by  the  Author's  Abfence  from  London. 

Page  Line 

30  1 8  for  Demit ic  r.  Dtndritic. 

90  3  from  bottom,  for  remains  hot  r.  remains  red  hot. 

91  4  for  Erlefenjlein  r.  Erbfenftein. 

93  9  for  Transparency  3,4  r.  Tranfparency  3.4. 

it.  IO  take  out  the  comma  after  ftreight. 

96  30  for  Wertering  r.  Withering. 

99  ii  for  which  r.  this. 

ib.  2 1  for  Ludi  r.  Ludi. 

it.  22  for  Helmontii  r.  Helmontii. 

103  13  far  1,2  r.  i.z. 

104  2  for  but  contains  r.  but  often  contains. 

105  1  for  1,0  1,5  r.  1.0  1.5. 

106  II  /or  3,2  r.  3.2. 

it.  13  for  2,1,0  r.  2.I.«. 

no  1 1  /or  Moulders  r.  Moulder. 

ii.  12  /er  Effervefces  r.  Effervefce. 
112      9  for  each  r.  an. 

117  26  takeout  or. 

122  «/'.  for  and  broad  foliated  r.  and  the  broad  foliated. 

128  13  /brand  r. or, 

it.  27  for  Fhofpholite  r.  Phofphorite. 

ib.  ult.  for  phlolite  r.  phorite. 
752       2 /or  dentritical  r.  demlritical. 

154  22  for  cuniform  r.  cuneiform. 

161  loft  but  one,  for  1,2  r.  1.2. 

ib.  ult,  for  1,2,0  r.  1.2.0. 
1 63        5  for  3,4  r.  3.4. 

rf.  it.  for  1,2  r.  1.2. 

»'£.  it.  for  2,3,1  r.  2.3.1. 

ib.       8  inftead  of  the  comma  after  ivxlxxs  put  a  femicolon. 

ib.  lafl  but  one,  for  3,4  r.  3.4. 

171  l8/or  3,4  r.  3.4. 

172  I  /or  But  is  r.  But  it  is. 

ib.       qfrcm  bottom,  after  effervcfce  add  a  comma. 
184       9  from  bottom^  for  made  vifible  r.  made  more  viable. 

190  20  for  dentritical  r.  iknUritic.il. 

203  —  dele  Struvian  Earth  entirely,  it  having  been  added  ly  miftake}  it  It 

only  a  variety  of  Clay  Slate. 

204  10  after  earth,  add  it  is  plainly  only  a  variety  of  flate  clay. 

208  6  for  flreight  r.  ftraight. 
ib.  22  for  25  r.  2,5. 

209  21   before  157°  aJJ at. 

210  18  o/>^r  ly  adda  comma,  and  takeout  theoneafter  cryftallized. 
ib.  20  for  3,4,i  r.  3  4.2. 

211  1 8  for  had  pot  celain  r.  had  a  porcelain. 

219  7  from  bottom,  inflead  of  a  comma  after  laminae  put  afemieolon. 

220  9  for  Verietri  r.  Veletri. 
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222  12  add  a  comma  after  leaft. 

ib.  20  for  feuilletees  r.  feuilletee. 

4*7  23  for  through  it  r.  through  it  I. 

ib.  loft  but  one,  for  2,3  r.  2.3. 

*3°  **  for  an<*  r- or- 

432  19  in/lead  of  the  comma  after  it  />»/  afemico'on. 

*34  5  /rww  b°ttom>  for  °>l  r-  o-l- 

238  3  /row  bottom)  for  rierre  Rafoir  r.  Pierre  de  Rafolr* 

239  2 /or  0,1  r.  o.r. 

/'£.  1 6  /or  as  hones  r.  for  hones* 

243  2  *  /or  corne-  r.  cnrne-. 

246  4  "^  <»  comma  after  fo. 

247  a 2  for  3>4>z  '•  3-4'2' 

248  3  fro™  bottom,  for  2,3,4  r'  2>3'4* 
250  4  /row  bottom,  for  3,4  r.  3.4. 

ib.  3  /row  bottom,  for  3,4  r.  3.4. 

25*  9/or3>4>a-    Caufes  fingle  r.  3.4.2.    Caufes  a  finglej 

253  a  for  Gyrafale  r.  Gyrafole. 

A.  7  /w  3>4  '•  3-4- 

/5.  i4/°''3)4''-3-4- 

256  9  takeout  the  word  Topaz. 

263  S  /«•<»»  bottom,  for  has  r.  have. 

264  6  for  not  different  r.  not  a  different. 
267  I  for  bafalt  r.  bafalte*. 

270  2  a/fcr  per  ct.  add  of  cab:. 

274  I  f*r  10,9  r.  10.9. 

281  12  /<"-  &c.  Lilalite  r.  Lilalite,  &c. 

288  I9/^  ftria  r.  ftriae. 

289  take  out  Edler  in  the  ninning  title. 

ib.  i^  far  Opal  Edler,  Gelber,  r.  Opal,  Edler,  and  Celber. 

ib.  1 8  /or  when  placed  between  the  ey«  r.  when  the  eye  is  placed  baj 

tween  it. 

490  19  fer  decompofed  r.  often  found  decompofed. 

29 1  24  take  out  tbe  cc.mn:a.  after  lour,  and put  one  after  heated, 

292  8  after  Luftre/>«/  a  comma. 

293  9  take  out  tbe  comma  after  fcarccly. 
ib.  ult.  take  out  of. 

294  I  take  cut  tbe  comma  after  Mayer. 

ib.  1 1  tale  out  tie  commas  after  water  tmd  matter. 

ib.  22  add  In  at  tbe  beginning. 

299  7  take  out  the  Irfore  intermediate. 

304  13  for  partly  ayellowifh  r.  partly  yellowifh, 

ib.  loft  but  one,  for  colour  bluifh  r.  colour  is  bluifh. 

705  1 7  take  out  tbe  comma  after  tranfparency. 

326  10  take  out  tbe  comma  after  brownifh. 

328  4  for  them  r.  it. 

ib.  19  for  confiderably  r.  confiderable. 

337  6  for  Ferez  r.  Forez. 

338  12  take  out  tbe  comma  after  leaft,  and  put  one  after  general^ 
ib.  17  for  by  r.  to  ;  and  put  a  comma  after  writers. 

342  8  for  Mem.  1773  r.  Mem.  Par.  1773. 

35°  9  for  ferpentines  r.ferpcntint. 

352  6  /or  Porphyry  r.  Porphyr. 

3^4  4  /»r  ftone  r.  fort, 

li.  19  /d/k«/fthc«/  the  btginning. 
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356  17  for  Tranfparency  i  1,5  r.  Tranfparency  1. 1,5." 

365  17  for  before.    Brugman  r.  before,  Brugman. 

it.  1 8  for  93.     As  r.  93,  as  5  «W  /'»/?<W  o/  the  comma  after  sir  fut  afe- 

micolon. 

367  \%  tor  Fluke  r.  Flube. 

369  4  for  Drac  r.  Draff.  Vfc^fc^ipS*. 

370  4  /or  the  union  of  earths  r.  the  mere  ^fiai>M»  of  different  earths. 

371  24  /or  disjunctive  r.  disjuntfive.         A 
385  8  /or  Argillite  r.  Argillites. 

/A.  1 8  /or  Argillite  r.  Argillites. 

387  2  for  penetrates,  as  r.  penetrates  it.    As. 

389  20  /or  character  r.  characters. 

390  15  for  2813  r.  2,813. 

401  5  /or  Its  r.  their  ;  and  tale  out  its  before  tranfparency. 

403  1 8  /«r  Neptumin  r,  Neptunian. 

415  21  /or  mixture  r.  moiftwre. 

418  2  /row  Borrow,  <jf/«-  granite />/</  ajeminhn. 

41 9  24  for  but  r.  hot. 

410  22  a/^r  fulphur  />zrf  <j  comma. 

422  6  take  out  the  ccmma  after  Qiml. 

4*3  3  /or  tlie  r-  though. 

/A.  «//.  for  Lipardi  r.  Lipari. 

418  3  f»r  The  r  Though. 

ib.  5  /«/fcW  </  the  full  foint  after  origin  /jtf  a  «ww<i. 

433  3  from  bottW}  take  out  the  comma  after  Gerhard. 

437  1 7  f"r  bafalts  r.  bafaldes. 

439  *7  /or  either  r.  neither. 

442  6  /or  are  r.  were. 

»£.  15  for  contained  r.  contain. 

446  3  from  bottom,  for  Volcanos  r.  Volcans. 

448  3  for  Fonda  r.  Fonds. 

A.  1 3  for  refolution  r.  revolution. 

449  5  /'ow  lottum,  /orlhinery  r.  fhivery. 

450  2Z  injleadoftbcfemicolon  after  volcanic  fut  a  csmtnit 
453  2^  /or  fr°m  r«  form. 

455  *7  /or  bafalts  r.  bafaltes. 
463  5  /or  charred  r.  cleared. 

ib.  19  /or  heated  r.  treated. 

470  4  take  out  44. 

/£.  5  W</  44.  a/  /fo  beginning. 

475  iz /or  the  fpirit  of  r.  fpirit  of. 

476  10  /or  ftones  I  am  r.  flones  of  this  fort  I  ann 

477  20  for  lead^er  r.  lead  equal  (or. 
/*.  5  from  bottom,Jor  fell  r.  fall. 

484  10  for  feparated  r.  faturated. 

488  6  for  the  r.  to. 

/*.  8  far  than  the  r.  than  in  the. 

489  I  take  tut  with. 


1 5  after  yet  add  before. 
20  for  par 


ib.     20  /or  part  of  its  r.  part  of  it  of  its. 
49 1     15  for  folution  r.  folutions. 

495  10  take  out  tbefemicvhn  after  remainder. 

il>.     II  inftetui  of  the  comma  after  neceffary  fut  a  femicolon. 

496  ii  far  have  been  r.  have  thence  been. 
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MINERALOGY. 


MINERALOGY,  as  d'ftincl:  from  Natural 
Hijlory,  is  the  art  of  diflinguiihing  mine- 
ral fublhnces  from  each  other. 

All  bodies  found  in  or  on  the  earth,  and  not 
of  vegetable  or  animal  origin,  are  called  Minerals. 

The  whole  complex  fyftem  of  mineral.-.,  called 
the  Mineral  Kingdom,  is  ufually  divided  into  four 
parts:  i.  Earths  and  Stones  2.  Salts.  3.  In- 
flammables. 4.  Metallic  Subftances.  Of  each 
of  which  I  {hall  treat  in  the  fame  order. 
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PART      I. 


Of  Earths  and  Stones. 

1  H  E  term  earth  denotes  a  taftelefs,  inodorous, 
dry,  brittle,  uninflammable,  fubftance  whofe 
Ipecific  gravity  does  not  exceed  4,9,  and  gives 
no  tinge  to  borax  in  fufion.  Yet  quicklime  is 
ufually  called  an  earth,  though  it  has  a  pungent 
tafte,  and  is  very  perceptibly  foluble  in  water, 
and  fome  forts  lately  difcovered  in  very  confide- 
rable  proportion:  fo  alfo  is  Gjffum,  which  is 
alfo  in  fome  degree  foluble  in  water,  and  even 
contains  a  faline  principle  :  perhaps,  in  ftriftnefs, 
there  is  no  earth  which  is  not  in  fome  degree 
foluble.  However,  fmce  a  line  muft  be  drawn 
between  falts  and  earths,  I  think  it  fliould  begin 
where  lolution  is  fcarcely  perceptible  ;  falts  ter- 
minating, and  earths,  in  ftri&nefs,  commencing, 
where  the  weight  of  water  requifite  for  the  folu- 
tion  exceeds  that  of  the  folvend  1000  times. 
Bur,  not  to  depart  too  widely  from  the  commonly 
received  import  of  words  that  are  in  conftant  ufe, 
fubftances  that  require  100  times  their  weight  of 
water  to  dhTolve  them,  and  have  the  other  fen- 
llble  appearances  of  earths,  may  be  fo  fly  led  in 
a  loofe  and  popular  fenfe. 

Stones  differ  from  earths  principally  in  cohefion 
and  hardnefs,  and  therefore  are  included  under 
the  fame  general  name :  yet  diamond  is  alfo 
called  a  ilone,  though  it  probably  contains  no 
earth  of  any  kind. 

Moft 
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Mod  earths  are  foluble  in  fome  acid  or  other, 
and  many  in  all  acids ;  the  Pruffian  alkali 
can  precipitate  none  of  them  from  thefe  folu- 
tions ;  whereas,  it  precipitates  all  metallic  fub- 
flances  from  their  acid  folvents  *.  This  forms  a 
diftind:  line  of  feparation  between  earths  and 
metallic  fubftances.  The  exception,  formerly 
made  in  favour  of  barytic  earth,  is  now  found  to 
have  arifen  from  a  miftake. 

*  Except  Platina. 


B  a  CHAP. 
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CHAP.      I. 


Of  Simple  Earths ,  their  Number,  and  Characters* 

OIMPLE  earths  are  thofe  which  are  incapable 
of  being  converted  or  analyzed  by  any  means 
hitherto  known,  either  into  each  other,  or  into 
any  other  fubftance. 

Of  thefe  we  have  nine;  the  Calcareous,  the 
Earytic,  the  Magnefian  or  Muriatic,  the  Argilla- 
ceous, the  Siliceous,  the  Scottijh  or  Strontbian, 
the  Jargonic,  the  Sydncian,  and  the  Adamantine. 

Of  thefe,  the  five  firft  are  by  far  the  mod 
general,  moft  of  the  earths  and  Hones  hitherto 
examined  being  refolvable  into  them.  Next  to 
thefe  the  Scottilh  is,  I  believe,  moft  common ; 
though,  from  its  refemblance  to  the  calcareous, 
it  has  probably  been  often  overlooked.  The 
three  laft  have  very  rarely,  and  the  Sydneian 
indeed  has  only  once,  been  met  with. 

White  is  the  natural  colour  of  all  earths ;  the 
other  colours  which  are  found  in  them  proceed 
from  inflammable  or  metallic  fubftances. 

Of  Calcareous  Earth. 

Calcareous  earth,    in  its  commoneft  (late,  is 

called  limejtone,  orfpar;    but  in   this  ftate  it  is 

combined  with  a  peculiar  acid,  expellible  by  heat, 

and  by  moft  other  acids  in  an  aerial  form,  and 

i  hence 
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hence  called  aerial  acid,  or  fixed  air,  from  its 
having  exifted  in  a  fixed  ftate  before  its  expulfion. 
When  this  acid  is  expelled,  the  earth,  uncom- 
bined  with  any  other  fubftance,  is  then  called 
/?;;/<?,  or  common  or  calcareous  lime,  to  diftingurfh 
it  from  other  earths,  which  alfo  form  limes 
when  free  from  all  combinations,  viz.  the  Barytic 
and  Scottish  earths. 

Lime,  fimply  fo  called,  or  calcareous  or  com- 
mon lime,  when  unmixed  with  any  other  fub- 
ftance, is  perfectly  white,  and,  if  in  lumps,  mo- 
derately hard  and  brittle,  its  fpecific  gravity  2,3. 

It  has  a  hot  burning  tafte,  corrodes  animal, 
and  even  vegetable,  fubftances  in  fome  degree. 

When  in  lumps  it  heats  and  burfls  by  the 
affufion  of  water. 

In  the  temperature  of  60°  it  requires  between 
6  and  700  times  its  weight  of  water  to  diffolve 
it,  but  in  a  boiling  heat  about  £  lefs  ;  but  moft 
of  this  excefs  falls  as  the  water  cools,  fo  that  the 
ftrongeft  lime-water  contains  no  more  than  about 
one  grain  per  ounce  troy :  it  never  cryftaliizes 
while  pure. 

It  is  combinable  with  all  acids,  particularly 
with  the  nitrous  and  marine  :  100  parrs  ftandard 
nitrous  acid  take  up,  when  fcturated  in  the  tem- 
perature of  60°,  38,68  of  lime;  and  100  parts 
lime  require  for  their  folution  258,5  of  ftandard 
nitrous  acid  :  100  parts  ftandard  marine  acid  are 
faturated  by  95,49  of  lime;  and  100  parts  lime 
require  for  their  folution  104,72  of  ftandard 
marine  acid  in  the  temperature  of  6c°. 

Thefe   folutions    are  with   difficulty  brought 

to  cryftallize  ;  the  vitriolic  acid  Inatches  the  lime 

from  both  of  them,  and  with  it  forms  felenite 

or  gypfum;  which,  if  the  folution  be  faturated, 

B  3  and 
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and  not  very  dilute,  precipitates,  or  may  be  made 
to  do  fo,  by  evaporation,  or  the  addition  of  fpirit 
of  wire. 

Nitrous  felenite,  heated  to  rednefs,  eafily 
parts  with  its  acid,  particularly  in  open  veflHs  ; 
but  marine  felenite  obftinately  retains  it  in  the 
fame  circumftances.  Both  felenites  have  a  bitter 
tafte. 

Pure  lime,  except  placed  on  clay,  is  infufible 
not  only  by  the  greateft  heat  of  our  furnaces, 
but  alfo  by  that  ot  the  focus  of  a  burning  glafs, 
or  the  flill  greater  given  out  by  the  ad  ion  of 
pure  air  on  burning  charcoal,  as  Mr.  Lavoifier 
has  (hewn. 

There  are  three  fluxes  ufually  applied  to  pro- 
cure the  fulion  of  earths,  namely  fixed  alkalis 
(generally  the  marine),  borax,  and  microcofmic 
fait ;  of  thefe  borax  is  moft  appropriated  to  cal- 
careous earth,  and  next  to  borax  microcofmic 
fait ;  they  fufe  lime  without  effervefcence  ;  and 
mild  calx  (fo  I  call  lime  united  with  fixed  air) 
with  fome  effervefcence;  but  alkalis  barely 
divide  and  difperfe  it. 

According  to  Mr.  Lavoifier,  IOGO  parts  lime 
are  capable  of  abforbing  (when  fixed  air  is  not 
admitted),  and  of  retaining,  in  a  heat  of  600° 
Fahr.  228  parts  of  water,  that  is,  between  |  and 
^  of  its  weight ;  and  mild  calcareous  earth,  fuch 
as  powdered  chalk  in  its  ufual  ftate  of  drynefs, 
can  abforb  about  |  of  its  weight  of  water, 
\vithout  letting  any  drop  out  of  it;  but,  if  ex- 
pofed  to  the  open  air,  it  will  foon  dry,  and  give 
4t  out. 
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Barytic  t  or  Ponderous  Earth. 

This  earth,  when  free  from  all  combination 
(a  ilate  in  which  nature  never  prefents  it),  forms 
alfo  a  lime  with  many  of  the  properties  of 
common  lime,  but  differs  from  it  by  many  others. 
It  is  foluble  in  water ;  but,  in  the  temperature 
of  60°,  it  requires,  according  to  Bergman,  900 
times  its  weight  of  that  folvent  to  hold  it  in 
folution. 

This  lime  is  foluble  in  the  nitrous  and  marine 
acids,  though  much  more  difficultly  than  com- 
mon lime ;  but  with  thefe  acids  it  cryftallizes, 
and  the  cryftals  are  not  deliquefcent  as  thofe 
afforded  by  common  lime  are. 

Thefe  folutions  are  precipitated  by  the  vitriolic 
acid  as  thofe  of  common  lime;  but  the  felenite, 
of  which  common  lime  is  the  bafis,  is  foluble  in 
about  450  or  500  times  its  weight  of  water ; 
whereas  that  which  has  barytic  lime  for  its  bafis 
is  infoluble  in  lefs  than  40000  times  its  weight 
of  water. 

If  barytic  lime-water  be  added  to  a  folution  of 
tartar  vitriolate,  or  Glauber's  fait,  it  feizes  the 
acid  of  thefe  falts,  and  forms  a  precipitate ;  it 
alfo  precipitates  the  folutions  of  nitrated  and 
muriated  ftronthian. 

The  ufual  fluxes  affedt  it  as  they  do  calcareous 
earth. 


Magnejiay  or  Muriatic  Earth. 

Various  clays,    flones,  and  falts,  particularly 

Epfom  fait,  contain  this  earth  ;  but  uncombincd, 

64  or 
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or  combined  fimply  with  fixed  air,  unmixed,  it 
fcarcely  ever  occurs ;  when  pure,  it  is  perfectly 
vvhice  :  its  Ipecific  gravity  is  about  2,3. 

It  requires  about  7900  times  its  weight  of 
water  to  diffclvt^  it  in  the  temperature  of  60°. 

It  ib  combinabie  wirh  all  acids;  with  the 
nitrous  and  marine  it  forms  falts  that  difficultly 
crdlailize,  and  are  ddiquefcent.  if  to  a  faturate 
foluticn  of  rhele  falts  the  vitriolic  acid  be  added, 
though  it  takes  the  magnefia  from  the  above- 
naaied  acids,  yet  it  forms  no  precipitate,  as  it 
does  when  it  feizes  the  calcareous,  barytic,  or 
S'  Oitifn  earrhx,  in  the  fame  circumftances.  The 
fall,  formed  of  the  vitriolic  acid  and  magnefia,  is 
alfo  very  foluble  in  water;  whereas  the  falts, 
forr.ied  of  'his  acid  and  the  preceding  earths, 
are  vei)  difficultly  foluble ;  the  former  is  bitter, 
the  Jattei  are  infipid,  or  nearly  fo. 

M«.gnefia,  in  its  pure  ftate,  is  not  as  eafily 
diffolved  as  when  combined  with  fixed  air;  100 
parts  of  it  require  for  their  folution  194  of  the 
vitriolic  Itandarct  acid,  286  of  the  nitrous,  and 
215,8  of  the  marine. 

And  ico  parts  of  the  vitriolic  ftandard  acid 
take  up  51, 54  of  pure  magnefia;  ico  parts  of 
the  nitrous  acid  34,96  ;  and  100  parts  of  the 
marine  46,34. 

This  earth,  expofed  to  the  ftrongeft  heat,  will 
neither  burn  to  lime  nor  melt;  it  is  fufed  by 
the  fame  fluxes  as  lime  and  mild  calx,  and  with 
the  fame  appearances. 

In  its  ulual  Hate  of  drynefs  mild  magnefia  is 
capable  of  taking  up  i  ^V  times  its  weight  of 
water  without  letting  out  any  drop;  but,  if 
expofed  to  the  open  air,  it  lufff  rs  it  to  evaporate, 
though  more  flowly  than  calcareous  earth  does. 

Earth 
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>    -"^i   ji»  f  <p> 
Earth  of  Alum,  or  Argill. 

This  earth  forms  the  baiis  of  common  alum, 
and  hence  is  by  many  called  aluminous  earth; 
it  is  alfo  the  true  clayey  part  of  common  clay  ; 
and  hence,  to  diftinguifh  it  from  the  other  hete- 
rogeneous parts,  it  is  called  argill. 

It  is  feldom  found  nearly  pure,  and  never 
abfolutely  fo  ;  the  pureft  is  extricated  from  alum 
by  precipitation  with  the  cauftic  volatile  alkali ; 
it  is  very  white,  fmooth,  and  unctuous;  its  fpecific 
gravity,  when  thoroughly  dry,  and  free  from 
fixed  air,  is  2,00  ;  it  is  very  diffuiible,  but  not 
more  foluble  in  water  than  pure  magnefia. 

It  is  combinable  with  moft  acids,  but  (except 
in  the  act  of  precipitation)  with  great  difficulty ; 
with  the  vitriolic  it  forms  alum;  with  the  nitrous 
and  muriatic  it  difficultly  cryftallizes. 

When  heated  it  hardens  and  diminifhes  in 
bulk,  but  it  is  infufible  in  the  ftrongeft  heat  of 
our  furnaces:  the  heat,  however,  given  out  by 
pure  air  appears  to  affect  it,  and  difpofe  it  to 
fufion,  more  than  it  does  any  of  the  before-men- 
tioned earths, 

Microcofmic  fait  feems  the  flux  beft  fuited  to 
argill;  it  diflblves  it  with  confiderable  effer- 
veicence.  Borax  is  nearly  as  powerful,  and  pro- 
duces lefs  effervefcence  ;  but  alkalis  act  nearly  as 
on  the  preceding  earths. 

Even  in  the  moift  way  cauftic  alkalis  are  capa- 
ble of  acting  on  argill. 

In  its  ufual  ftate  of  drynefs  it  is  capable  of 
abforbing  2$  times  its  weight  of  water  without 
buffering  any  to  drop  out,  and  retains  it,  when 

expofed 
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expofed  to  the  open  air,  more  obftinately  than 
the  foregoing  earths:  however,  in  a  freezing 
cold,  clay  contra&s  more  than  any  other  earth, 
and,  in  contracting,  fqueezes  out  its  water,  and 
thus  parts  with  more  of  it  in  that  circumftance 
than  other  earths  do;  a  facl  of  fome  importance 
in  agriculture,  as  well  as  mineralogy. 


Siliceous  Earth. 

This  earth  is  generally  found  in  a  ftony  ftate., 
it  abounds  in  flint,  and  is  thence  called  ftliceous  ; 
but  it  is  ftili  purer  in  mountain  cryftal,  and  in 
quartz :  the  pureft  is  perfe&ly  white  or  colour- 
lefs ;  its  fpecific  gravity  is  2,66. 

In  its  ufual  ftate  of  concretion  it  appears  info- 
luble  in  water;  but,  in  that  ftate  of  diviiion  in 
which  it  exifts,  when  precipitated  from  its  Iblu- 
tion  in  fixed  alkalis,  it  is  perfectly  foluble  in 
1000  parts  of  water. 

In  general  it  combines  with  no  acid,  except  that 
extracted  from  the  ftones  called  fluors,  a  variety 
of  which  is  generally  known  under  the  appella- 
tion of  Derbyfhire  Ipar ;  but,  in  the  moment  of 
precipitation  from  its  folution  in  fixed  alkalis, 
many  eminent  chemifts  think  it  capable  of  uni- 
ting with  mod  acids  *  ;  at  leaft,  it  is  certain 
that  an  alkaline  folution  of  filex,  much  di- 
luted with  water,  may  be  faturated  and  fuper- 
faturated  with  an  acid  wiihout  any  precipitation; 

*  Mr.  Dolomieu,  408.02.  379,  thinks  it  is  in  its  ufual 
fiate  united  to  inflammable  air,  but  freed  from  that  air  when 
United  to  alkalis,  and  in  that  cafe  c ombinable  with  acids,  in 
feparating  from  which  it  agaiu  retakes  this  air  from  water.  , 

and 
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and  this  is  one  of  the  fureft  chara&ers  of  this 
earth. 

By  the  experiments  of  Mi-.  Lavoifier,  it  ap- 
pears that  the  ftrongeft  heat  that  can  be  applied, 
namely,  that  excited  by  pure  air,  is  incapable  of 
melting  it.  The  flight  degree  of  emollefcence 
that  fome  others  have  obferved,  moft  probably 
proceeds  from  fome  flight  mixture  with  fome 
other  earth. 

Fixed  alkalis,  whether  vegetable  or  mineral, 
are  the  true  fol vents  of  filiceous  earth  in  the  dry 
way  :  I  part  mineral  alkali  will  flux  two  of  fili- 
ceous earth  with  effervefcence.  Borax  alfo  fufes 
them,  but  much  more  flowly,  and  without  effer- 
vefcence. Microcofmic  fait  is  fttll  lefs  effectual. 

Cauftic  fixed  alkalis  attack  filiceous  earths  alfo 
in  the  moift  way,  when  very  minutely  divided, 
and  take  up  nearly  \.  of  their  weight. 

Siliceous  fand  is  capable  of  ablorbing  about  | 
of  its  weight  of  water  without  letting  any  drop 
from  it;  but,  on  expofure  to  the  open  air,  it 
fuffers  it  to  evaporate  much  more  readily  than 
any  of  the  foregoing  earths  do  in  the  fame  cir- 
cumftances. 


Of  the  characterizing  Power  of  the  foregoing 
Earths. 

Having  fet  forth  the  diftin&ive  characters  of 
the  foregoing  earths,  fingly  taken,  we  are  now  to 
remark  the  different  powers  they  poflefs  of  im- 
preffing  or  communicating  their  respective  cha- 
racters, when  mixed  or  combined  with  each 
other,  to  the  compound  of  which  they  form  a 
part, 

I.  Cal- 
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1.  Calcareous  earths  feel  dry,    meagre,    and 
harfh,  when  in  a  loofe  or  femi-induratedjiate ;  and 
this  property  they  communicate  to  other  earths 
in  the  fame  ftai 'e,  when  they  conllitute  at  lead  40 
or  50  per  cent,  of  the  whole.     When  in  a  ftony 
(late  they  are  never  hard  enough   to  ftrike  fire 
with   fteel ;  and   they  imprefs  this  property   on 
compounds  in  a  ftony  (late,  in  which  they  enter 
in  the  proportion  of  30  per  cent. 

2.  Barytic  earth,  when  not  the  principal  in- 
gredient in  a  compound,  has  fcarcely  occurred 
in  any  confiderable  proportion.     Its  high  fpecific 
gravity   it  undoubtedly  communicates,  but  the 
porous  ftructure  of  the  compound  may  be  fuch 
as  to  conceal  it. 

3.  Magnefia  feels  fmooth ;  in  a  ftony  (late  it 
never  occurs  fingle,  but  it  imprefles  a  character 
of  fmoothnefs  and  un&uofity  on  all  compounds 
in  which  it  has  not  the  oppofite  characters  of 
calcareous  earth  to  encounter,  and  into  which  it 
enters  in  the   proportion  of  18  to  20  per  cent. 
It  alfo  gives  a  greenifh  caft  to  flones,    and  a 
bias    towards  a  fibrous,  ftriated,  or  flaty  ftruc- 
ture, and  fome  luftre,  particularly  of  the  filky 
kind. 

4.  Argill  is  alfo  foft,  fmooth,  and  unftuous 
to  the  feel;  it  ftrongly  abforbs  water,  and  har- 
dens when  heated.     In  loofe  or  femi-indurated 
mixtures  it  imparts  thefe  properties  to  calcareous 
earths  only  when   it  exceeds  them  in  quantity. 
With  magnefia  it  can  have  no  ftrnggle;  but,  on 
filiceous  earths,  it  imprefles  its  charafters  in  fome 
degree,  even  when  it  amounts  only  to  13  or  14 
per  cent,  of  the  whole.     In  ftony  compounds,  if 
it  exceeds  20  per  cent,  and  is  mixed  with  mag- 
nefia,  it  gives  a  bias  to  a  flaty  or  lamellar  ftruc- 
ture. 
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ture.  In  the  proportion  of  20  or  30  per  cent. 
it  generally  diminifhes,  and  when  in  a  greater 
proportion  exringuifhes,  the  character  of  (ilice- 
ous  earth  :  to  this  obfervation  there  are  very  few 
exceptions. 

5.  Siliceous  earths,  in  a  flony  or  fandy  form, 
are  remarkable  for  their  hardnefs,  tranfparency, 
and  luftre  ;  but  their  power  of  communicating 
thefe  properties  is  inferior  to  the  powers  of  com- 
munication poflefled  by  the  foregoing  earths. 
When  filex  is  exceedingly  comminuted,  as  it 
is  after  the  precipitation  from  alkalis,  it  is  light 
and  fpungy. 


Scottijh,  or  Strcntkian  Earth. 

This  is  a  new  earth,  firft  noticed  as  fuch,  as 
far  as  I  can  find,  by  Dr.  Crawford,  who  fent  me 
a  ipecimen  of  it  in  the  year  1790.  1  have  fince 
fubje&ed  it  to  various  experiments  lately  read  to 
the  R.oyal  Irifh  Academy,  an  account  of  which 
may  l?e  found  in  their  Tranfadtions  •,  from  this 
paper  I  feledt  the  following  particulars : 

1.  It  has  hitherto  been  found  only  in  a  mild 
fhte,  united  to  fixed  air :  of  this  fpecies  1  fliall 
hereafter  give  a  defcription. 

2.  Like  common  limeftone  it  lofes  its  air  in  a 
ftrong  heat,  and  then  forms -a  lime. 

3.  This  lime  is  much  more  ioluble  in  common 
water  than  that  afforded  by  cotnmon  limeftones, 
and  is  allb  fpeclfically  heavier. 

4.  This   lime,   like  the  barytic,   decompofes 
tartar  virriolate ;  but  the  itlenite  it  forms  is  iifelf 
decompofed  by  barytic  lime. 

I    It 
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5.  It  decompofes  the  folutions  of  common 
gypfum,  and  of  nitrated  or  muriated  calx. 

6.  Vitriolic  acid  dropped  into  this  lime-water 
immediately  forms  a  vilible  precipitate,  which  it 
does  not  in  common  lime-water. 

7.  This  lime-water  has  alfo  the  fingular  pro- 
perty, of  affording,  when  faturated,  compreflecl 
rhomboidal  cryflals,  which  are  nothing  elfe  but 
pure  lime. 

8.  Its  folution,  in  the  nitrous  or  marine  acids, 
may  be  rendered  fo  faturate  as  not  to  difcolour 
litmus ;  whereas  the  folutions  of  barytes  in  thofc 
acids  have  always  an  excefs  of  acid. 


Jargonic  Earth  *,  or  Jargonia. 

This  earth  hath  been  difcovered  by  Mr, 
Klaproth ;  it  has  as  yet  been  found  only  in  the 
ft  one  called  Jargon,  or  Grcon,  of  Ceylon,  of 
which  more  hereafter. 

This  earth  refembles  argill  more  than  any 
other  earth,  though  it  differs  effentially  fro.m  it 
in  fome  refpecls.  Its  colour  is  white,  and  its 
fpecific  gravity  probably  exceeds  4,000. 

1.  It  is  incapable  of  uniting  to  fixed  air ;  at 
leaft,  when    precipitated   from   acids   by    mild 
alkalis,  it  takes  up  none. 

2.  It  is  foluble  in  dilute  vitriolic  acid  (as  alfo 
in  the  nitrous  and  marine) ;  and  with  a  flight 
excefs  of  this  acid  it  forms,  in  a  moderate  heat, 
by  fpontaneous  evaporation,  ftelliform  cryftals  of 
an  aftringent  tafte,  eafily  foluble  in  water.    Its 

*  3  Berl.  Beobacht.  147. 

6  fold- 
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folutions,   like  thofe  of  argill,    are  precipi table 
by  cauftic  volatile  alkali,  as  well  as  by  the  fixed. 

3.  It  is  alfo  ibluble  in  the  concentrated  acetous 
acid;  this  folution  will  not  cryftallize;  but,  if  it 
be  evaporated  to  drynefs,  the  faline  powder  thus 
had  will  not  attradt  the  moifture  of  the  air,  as 
acetous  alum  does;  neither  does  the  acetous  acid 
aft  fo  powerfully  on  argill  as  on  this  earth. 

4.  It  is  infoluble  in  a  boiling  folution  of  cau- 
ftic fixed  alkali,    in  which   argill   is   perfectly 
foluble. 

5.  It  is  infufible,  not  only  by  fixed  alkalis, 
but  alfo  by  microcofmic  fait,    to  which  argiil 
yields.     Borax  however  melts  it,   but  without 
any  effervefcence,  in  which  refpect  alfo  it  differs 
from  argill. 

Hence  it  is  plain  Mr.  Klaproth  is  juftified  in 
reckoning  this  a  new  earth,  of  which,  it  were  to 
be  wiihed,  we  were  acquainted  with  many  more 
of  the  properties. 


Sydneia,  or  Sidney  Earth  *. 

For  the  difcovery  of  this  fingular  fubftance, 
we  are  indebted  to  that  celebrated  philofophic 
artift  Mr.  Wedgewood. 

This  earth  is  contained  in  a  compound  mineral 
imported  from  Sidney  Cove,  in  South  Wales, 
compiling  of  fine  white  fand,  fome  colourlefs 
mica,  a  few  black  particles  refembling  black 
lead,  and  a  white  earth  which  appears  to  be 
argillaceous,  with  which  the  new  earth  appears 
to  be  mixed,  and  from  which  it  is  extracted  by 

*  Phil.  Tranf.  1790,  306. 
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the  marine  acid.     It  was  found  to  poffefs  the 
following  properties  :  its  colour  is  white. 

1.  It  is  fufible  in  a  heat  of  150  of  Wedge- 
wood,  which  no  other  fimple  earth  is. 

2.  It  is  foluble  immediately  and  directly  in  no 
other  acid   but  the  marine,  at  leaft  not  in  the 
nitrous  or  vitriolic. 

3.  The  marine  acid,  to  diflblve  it,  muft  not 
only  be  in  large  proportion,  and  concentrated, 
but  alfo  heated  above  140°  Fahr. 

4.  From  this  folution  this  earth  is  not  preci- 
pitable  by  the  Pruffian  alkali;  but  it  is  by  com- 
mon alkalis,  which  inftantly  render  its  folution 
milky. 

This  folution  is  alfo  precipitable  by  affufion  of 
pure  water  in  the  fmalleft  quantity  if  faturate ; 
but,  if  unfaturated,  it  may  bear  a  confiderable 
addition  of  that  fluid  without  precipitation. 

The  addition  of  fpirit  of  nitre  to  a  faturate 
folution  occafions  no  precipitation;  and,  if  the 
quantity  of  nitrous  acid  added  exceeds,  or  equals, 
that  of  the  faturate  folution,  it  will  protect  it 
from  precipitation  by  water. 

Neither  does  the  addition  of  the  concentrated 
vitriolic  acid  precipitate  the  faturated  folution, 
but  it  has  a  ftronger  affinity  to  this  earth  than 
the  marine  has;  for,  if  the  quantity  of  vitriolic 
acid  added  be  nearly  equal  to  that  of  the  folu- 
tion, heat  and  effervefcence  will  arife,  the  liquor 
will  become  turbid,  and  the  marine  acid  will  be 
expelled  in  white  fumes;  the  mixture  then 
heated  to  boiling  becomes  tranfparent,  and  con- 
tinues fo  ;  this  vitriolic  folution  is  alfo  precipi- 
table by  water  like  the  marine. 

5-  The 


Of  Simple  Earths.  i  j 

5.  The  marine  folution  does  not  cryftallize* 
but  becomes  butyraceous  and  deliquefcent.  The 
butyraceous  mafs  is  pale  yellow,  and  not  corro- 
iive  ;  it  parts  with  its  acid  in  a  ftrong  heat. 


Adamantine 

Of  this  fubftance,  which  was  lately  difcovered 
by  that  excellent  analyft  Mr.  Klaproth  in  a  (lone 
called  adamantine,  or  diamond  fpar,  very  little  is 
as  yet  known.  In  decompofmg  this  fpar  he 
found  an  earth  which  conftituted  about  \  of  its 
weight,  which  was  infoluble  in  acids,  and  infu- 
fible  by  alkalis  ;  by  this  laft  property  it  differs 
from  filiceous,  and  by  the  former  from  all 
other  earths;  he  does  not  however  pofitively 
affertjhat  it  is  not  fome  unknown  compound  of 
other,  earths.  2  Berl.  Beobacht.  297  *.  Its 
exiftence  is  alfo  fufpected  in  fome  other  ftones, 
as  will  be  feen  in  the  fequel.  Its  fpecific  gravity 
probably  exceeds  3,000. 


Calces  of  Iron. 

To  thefe  fimple  earths  we  muft  alfo  annex  the 
confideration  of  calces  of  iron,  a$  they  almoft 
always  accompany  earthy  or  ftony  fubftances,  are 
mixed  or  combined  with  them,  and  are  thd 
fource  of  many  both  of  their  external  appear- 
ances and  internal  properties. 

'*  Mr.  De  la  Metherie,  in  the  ad  vol.  of  his  new  edition 
of  Monger's  Manuel  du  Minaalogifte,  fays,  Mr.  Klaproth 
found  this  earth  foluble  in  the  vitriolic  and  acetous  acids ; 
but  this  is-phinly  an  oveifight. 

C  Calces 


1 8  Of  the  Formathn  of  Stones. 

Calces  of  iron  are  formed  of  iron,  combined 
xvith  different  proportions  of  pure  air,  and  fre- 
quently of  water  alfo,  and  fixed  air. 

One  hundred  parts  metallic  iron  are  capable  of 
taking  up  66  or  70  of  pure  air.  When  i  oo  parts 
iron  contain  but  40  of  this  air,  the  compound 
is  ftill  magnetic. 


SECTION  rr. 

Of  the  Formation  of  Stony  Subftances. 

The  flighteft  acquaintance  with  the  ftony  fub-* 
ftances  that  come  under  our  infpe&ion  is  ftifficienG 
to  convince  us  they  were  once  in  a  foft  or  liquid 
Hate.  Many  of  them  have  the  appearance  of 
having  been  cryftallized,  like  falts,  in  feparating 
from  their  folvent  whatever  that  may  have  been ; 
and  thefe  cryftals  difeover  alt  the  variations  ta 
which  faline  cryftals  are  liable.  Many  of  them 
kiclofe  organized  fubftances  which  they  could 
not  have  admitted  but  when  in  a  foft  or  liquid 
flate;  many  of  them  appear  to  have  been  formed 
round  mineral  fubftances,  asth^fe,  having  received 
their  fhape  and  form  from  the  operations  of  art, 
could  never  have  introduced  themfelves  into  them, 
The  bare  mention  of  thefe  circumftances  is  fuf- 
ficient,  as  this  point  has,  I  believe,  never  been 
difputed.  The  only  difficulty  that  at  prefent 
occurs  is  to  afcenain  the  nature  of  that  fluid 

which 
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\vhich  was  capable  of  holding  in  folution  of  fuf- 
penfion  that  immenfe  mafs  of  folid  fubftances  of 
\vhich  the  globe  of  the  earth  confifts.  On  this 
head  I  fhall  only  remark,  that,  with  regard  to 
{tony  fubftances  that  are  placed  deeper  than  one 
mile  beneath  the  level  of  the  fea,  we  have  no 
reafon  to  affirm  they  were  ever  in  a  foft  {Ute,  as 
we  are  perfectly  unacquainted  with  them;  and, 
with  relpedt  to  thofe  that  are  nearer  to,  or  on 
the  furface  of,  the  earth,  we  may,  for  the  pre- 
fent,  fuppofe  that  fluid  to  have  been  in  moft 
cafes  mere  water,  in  fome  circumftances  aided 
by  faline  fubftances,  and,  in  comparatively  much 
fewer  cafes,  aided  by  volcanic  fires.  The  pro- 
bability, that  fire  has  been  the  univerfal  agent  of 
this  folution,  we  lhall  afterwards  examine  in  a 
diftinct  differtation. 

Suppofing  then  the  fimple  earths,  and  ferru- 
ginous and  bituminous  fubftances,  already  men« 
tioned,  reduced  to  that  degree  of  divifion  which 
folution  requires,  to  exift  in  that  mafs  of  waters 
which  now  conftitutes  our  oceans,  feas,  lakes, 
and  rivers,  this  mafs,  confiderable  as  we  fee  it, 
is  neverthelefs  evidently  inefficient  to  hold  them 
in  folution ;  they  will  therefore  foon  unite,  and 
thofe  fooneft  which  have  moft  affinity  to  each  other, 
and  leaft  to  the  fluid  in  which  they  are  fufpended. 
Hence  fome  will  be  cryftalliy.ed,  and  fome  will 
be  formed  by  fimple  depofition,  as  we  fee  clay 
depofited  by  water. 

Hence  ftony  fubftances,  formed  in  the  aqueous 
fluid,  owe  their  origin  fome  to  cryftallization, 
fome  to  depofition,  and  fome  partly  to  the  one 
partly  to  the  other. 

Cryftallization  is  that  operation  by  which  folids 

duTolved,  or  finely  diffufed  in  a  fluid,  coalefce 

C  2.  by 
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by  virtue  of  their  mutual  attraction  into  maffes 
of  a  determinate  and  angular  fhape:  if  this  ope- 
ration be  accomplilhed  in  the  mod  perfect  and 
regular  manner,  the  fhapc  of  the  cryftal  will  be 
determined  by  that  of  the  firft  molecule  formed, 
the  fubfequent  additions  being  made  to  certain 
furfaces  according  to  certain  laws;  but,  if  the 
operation  be  ditfurbed  by  any  impediment,  cer- 
tain furfaces  will  receive  greater  additions  than 
others  are  allowed  to  receive,  and  in  that  cafe 
either  no  determinate  angular  Ihape  will  enfue, 
or  a  Ihape  very  different  from  what  nature  feemed 
principally  to  have  had  in  view  will  arife. 

Hence  this  operation  is  fufceptible  of  various 
ftages  and  degrees  of  perfection. 

As  the  additions  made  to  cryftallized  furfaces 
are  gradual  and  uniform,  thefe  furfaces  have 
generally  a  fmooth  and  polilhed  appearance; 
however,  the  mixture  of  foreign  fubftances,  that 
are  capable  of  impeding  the  operation,  diminifli 
this  luftre  in  proportion  to  their  influence. 

Cryftallized  fubftances  ar*e  alfo  very  frequently 
tranfparent;  and  thefe  that  are  naturally  fo  would 
always  be  fo,  were  they  not  difturbed  in  the  courfe 
of  the  operation;  but  fome  are  naturally  opaque. 

The  greateft  impediment  to  cryftallization  is 
want  of  liberty  of  the  diflblved  particles  to  ar- 
range themfelves  according  to  the  laws  of  the 
attraction  of  the  different  furfaces ;  this  reftraint 
may  arife  either  from  agitation,  which  difturbs 
tjie  direction  of  their  fpontaneous  attraction,  or 
from  their  beins  forced  into  contact  with  each 
other  in  a  fluid  in  which  they  are  too  much 
crowded,  or  by  the  introduction  of  foreign  fub- 
ftances, which  prevent  their  mutual  contact 

,.-.bh-*  r.  i  0 
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Some  fubftances  are  more  apt  to  be  difturbed 
by  the  introduction  of  foreign  fubftances  than 
others;  thus  we  fee  calcareous  fpars  cryftallized 
in  a  regular  form,  though  mixed  with  a  confide- 
rable  proportion  of  filex,  in  the  calcareous  fand- 
flones  of  Fontainbleau. 

The  firft  ftep  in  the  procefs  of  cryftallization  is 
the  formation  of  grains,  the  fecond  is  the' increafe 
in  one  dimenfion,  the  third  in  two  dimenfions,  and 
the  fourth  in  three  dimenfions;  the  grains  them- 
felves,  however,  to  be  vifible,  muft  receive  ac- 
cretions in  the  three  dimenfions.  If  the  procefs 
be  uninterrupted,  no  traces  of  diftinftion  will  be 
perceived,  and  the  whole  will  appear  perfectly 
uniform;  but,  if  it  be  difturbed  in  the  firft 
ftep,  no  cryftallization  can  take  place ;  if  in  the 
fecond,  the  grains  will  appear  diftindt,  fmall  or 
grofs,  coarfe  or  fine,  according  to  the  nature  of 
the  difturbance,  whether  by  the  interruption  of 
the  procefs,  or  the  acceffion  of  foreign  matter; 
this  latter  generally  produces  coarfe  or  rude 
grains  in  proportion  to  the  quantity. 

If  the  difturbance  only  takes  place  in  the  third 
ftage,  we  (hall  have  fibres  or  ftrise,  as  complete 
furfaces  cannot  be  formed ;  the  ftrise,  having  more 
extenfion  in  breadth  than  the  fibres  or  filaments, 
argue  a  fmaller  degree  of  difturbance  than  the 
mere  fibrous  appearance. 

If,  during  the  third  ftage,  the  ftrise  be  forced 
into  contaft,  by  the  gradual  dereliction  of  the 
fluid  that  kept  them  fufpended,  they  will  form 
lamellse  in  proportion  as  they  are  deferted,  which 
will  either  adhere  to  each  other,  and  then  fall 
confufedly,  being  too  heavy  to  be  fupported  by 
the  menftruum,  or,  if  fupported,  will  be  fuper- 
impofed  on  each  other. 

C  3  But 
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But  if  the  procefs  of  cryftallization  be 
difturbed  only  in  the  fourth  ftage,  then  the  form 
and  fhape  only  of  the  cry  Hals  will  be  more  or 
lefs  altered. 

All  thefe  fleps  are  noticed  and  defcribed  by 
chemical  writers ;  and  particularly  by  the  cele* 
brated  Rouelle,  in  the  Memoirs  of  the  Academy 
of  Paris,  on  the  cryftallization  of  falts. 

"Depofilion  is  an  effeft  that  takes  place  when, 
folids  have  little  or  no  tendency  to  cryftallize, 
are  divided  ever  fo  minutely,  and  fufpended  in  ^ 
fluid  fpecifically  lighter,  and  to  which  they  have 
no  affinity,  or  which  is  not  fufficiently  abundant 
to  hold  them  in  folution;  it  takes  place  fo  much, 
more  flowly,  as  the  particles  fufpended  approach 
more  to  the  fpecific  gravity  pf  the  fluid,  or  arc 
more  minutely  divided. 

Depofition  i§  either  (imultaneous  or  periodical; 
in  the  former  cafe  vaft  unwieldy  Jlony  maflfes 
have  been  produced,  in  the  latter  flaty  mafles. 

The  fluid  from  which  ftony  fubftances  have  been 
depofited  appears  to  have  contained  a  mixture  or 
bitumen,  and  moft  probably  alfo  of  carbonaceous 
fubrtances ;  and  hence  fome  proportion  of  thefe  is 
often  found  in  ftones  formed  by  fubfidence. 

Jn  general,  depofition  muft  be  a  later  opera' 
tion  than  cryftallization ;  but  it  muft  frequently 
have  happened  that  both  fhould  take  place  at 
the  fame  time,  from  an  unequal  mixture  of  fub- 
flances,  fufceptible  fome  of  the  one,  and  fome  of 
the  other;  and  hence  many  flony  mafles  owe  their; 
erigin  partly  to  the  one,  and  partly  to  the  other,  ' 
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Of  the  diftinftive  Char  afters,  and  fyjlematic 
Arrangement^  of  Earths  and  Stones. 

IHE  objeft  of  mineralogy,  at  leaft  in  the  fenfc 
in  which  that  word  is  taken  in  this  work,  being 
to  point  out  the  method  of  diftinguifhing  the 
various  fubftances  of  which  it  treats,  it  is  necef- 
fary  at  the  outfet  to  give  a  general  idea  of  the 
means  it  employs,  to  prove  their  fufficiency,  and 
remove  every  ambiguity  and  obfcurity  that  may 
attend  their  application.  On  the  moft  general 
view  of  the  fubjeft,  it  is  plain  thefe  means  can  be 
no  other  than  the  properties  of  the  fubftances 
themfelves,  or  at  leafl  fuch  of  them  as  are  moft 
obvious,  of  moft  eafy  application,  and  at  the 
fame  time  charafteriftic  of  the  fubftances  to  which 
they  belong;  v/e  muft  therefore  examine  what 
thofe  properties  are. 

The  properties  of  fubftances,  as  far  as  we  can 
underftand  them,  are  the  relations  which  they 
bear  to  our  fenfes,  and  to  other  fubftances  on  or 
from  which  they  are  capable  of  producing  or 
receiving  fome  peculiar  obfervable  change.  Thefe 
laft-named  fubftanees  are  called  chemical  agents ; 
the  properties  which  relate  to  our  fenfes  are 
called  the  external,  and  thofe  that  relate  to  che- 
mical agents  the  internal,  chara&ers  of  bodies. 

In  the  Treatife  I  formerly  compiled  on  this 
fubjeft  I  confidered  the  infernal  properties  of 
i-ninerals  as  the  only  that  were  fufficiently  charac- 
teriftic  of  the  fubftances  to  which  they  belonged. 
A  more  mature  confederation  has  undeceived  me. 
C  4  J  per- 
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I  perceived  that  names  having  been  given  to  dif- 
ferent mineral  fubftances,  fometimes  by  reafon 
of  their  external  properties,  fometimes  by  reafon 
of  their  internal,  and  the  bufinefs  of  the  mine- 
ralogift  being  to  diftinguifh  the  fubjects  to  which 
thofe  different  names  have  been  given  from  each 
other,  he  muft  in  fome  cafes  rely  chiefly  on  the 
external,  and  in  others  chiefly  on  the  internal, 
characters*,  but,  if  any  ambiguity  remain,  the 
decifion  muft  reft  with  thefe. 

Thus  diamonds,  rubies,  emeralds,  and  other 
precious  ftones,  received  their  names,  and  were 
well  diftmguifhed  from  each  other,  long  before 
their  internal  properties  were  known,  if  even  at 
prefent  they  can  be  faid  to  be  fo:  there  muft 
furely  then  be  fome  means  of  diftinguifhing  them, 
and  thefe  means  can  be  no  other  than  their  exter- 
nal properties:  it  were  indeed  a  melancholy  cir- 
cumftance  to  a  jeweller  if  there  were  no  other 
certain  way  of  diftinguifhing  diamonds  than  their 
internal  properties-,  for,  the  only  one  of  that 
kind  with  which  we  are  at  prefent  acquainted  is 
their  deftruftibility  by  heat ;  he  fhould  therefore 
deftroy  the  ftone  before  he  could  know  it. 

What  I  have  faid  of  precious  ftones  may  be 
underftood  of  far  the  greater  number  of  ftony 
fubftances;  either  they  have  not  been  analyzed, 
or  the  analyfes  given  of  them  prefent  different 
refults,  and  confequentiy.  are  undecifive ;  yet, 
iince  they  can  be  diftinguifhed,  it  is  plain  this 
diftinftion  may  be  made  by  external  characters. 

It  muft  be  remarked,  however,  that,  in  diftin- 
guifhing earths,  and  ftones  which  have  never  been 
analyzed,  or  which,  independently  of  any  ana- 
lyiis,  have  received  their  denomination  from 
mere  external  characters,  ambiguities  frequently 
'.3/n  bsTi'D^boiJ-  fc&ii  arile ; 

•-.*;•: I  I' 
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arife ;  and  doubts  may.  remain,  which  can  be 
removed  only  by  the  application  of  chemical 
lefts  or  internal  characters,  not  indeed  analyfes, 
but  other  tefts  of  more  eafy  and  Ipeedy  appli- 
cation. 

Again,  many  minerals  have  received  their  de- 
nominations merely  from  internal  properties, 
fuch  as  limeftones  and  marls,  &c.  The  only 
certain  tefts  of  thefe  are  chemical  agents,  though 
external  characters  may  afford  a  high  degree  of 
probability. 

The  over-zealous  difciples  of  Mr.  Werner 
contend  for  the  fufficiency  of  external  characters, 
in  all  cafes,  with  refpedt  to  ftones  that  have  been 
already  analyzed.  It  were  an  eaiy,  if  not  an 
invidious,  tafk  to  refute  them,  from  the  miftakes 
into  which  the  moft  eminent  of  them  have  fallen, 
through  too  great  reliance  on  thefe  char,  dters; 
but,  in  juftice  to  Mr.  Werner,  1  mult  fay,  that 
he  recommends  the  aid  of  eafy  chemical  tefts, 
and  has  in  fome  cafes  happily  applied  them. 

It  has  been  objedted  to  external  characters,  by 
myfelf  and  many  others,  that  they  are  not  of  a 
fixed  and  permanent  nature,  nor  appropriated 
purely  and  imgly  to  any  particular  fpecies,  but 
common  to  many,  and  incapable  at  lead  as  to 
their  gradations  of  a  definition  fufficiently  precife. 
The  firft  part  of  this  objection  is  certainly  true, 
if  applied  only  to  one  or  two  of  thole  characters; 
but,  if  they  be  taken  in  their  totality,  it  will  very 
rarely  happen  that  they  fuit  any  mineral  but  one, 
and  in  fuch  cafes  chemical  tefts  may  decide;  yet 
even  this  affiftance  may  be  fometimes  unfuccefs- 
ful,  as  in  nature  many  fpecies  border  upon,  and 
pals  into,  each  other,  and  thus  deny  fufficient 
grounds  of  diftindtion.  As  to  the  difficulty 

arifing 
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arifing  from  the  vague  definitions  of  thofe  cha- 
i afters,  this  has  been  in  great  meafure  removed 
by  Mr.  Werner,  and  I  have  endeavoured  to  ren- 
der them  ftill  more  precife. 

The  neceffity  of  applying  thefe  characters, 
and  employing  them  in  that  ftrift  and  determinate 
fenfe  which  Mr.  Werner  has  affixed  to  them, 
muft  be  obvious  to  every  reader  of  minera- 
logical  writings.  Who  does  not  lament  in  feeing 
moft  of  thefe  (thofe  only  of  the  Wernerian 
fchool  excepted)  rendered  ufelefs  by  the  defec^ 
live  and  imperfect  defcriptions  of  the  mine- 
rals of  which  they  treat?  Through  the  neglect 
of  adequate  defcriptions  the  fame  name  has  been 
imperceptibly  applied  to  minerals  widely  different 
from  each  other;  and,  converfely,  minerals  of 
the  fame  fpecies  have  been  diftifiguimed  by  difr 
ferent  appellations. 

I  now  proceed  to  a  brief  enumeration  and 
explication  of  the  external  characters  given  by 
Mr.  Werner*,  or  at  leaft  of  fuch  of  them  as 
1  think  neceflary,  with  the  few  improvements  I 
think  I  have  made  in  their  defcriptions :  thefe 
confift  in  denoting  the  degrees  of  intenlity  of 
fome  particular  qualities  by  figures. 

External  Ckarafters^ 

Thefe  are,  colour,  Jhape,  lujlre,  tranfparencyt 
texture,  cobe/ion,  denfity,  adbefton  to  the  tongue 
or  fingers  and  general  feel,  colour  of  a  Jlreak^ 

*  There  are  terms  of  which  I  could  never  learn  the  pre- 
eifc  meaning,  particqlarly  the  word  Derbe. 
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or  diffufion  in  water,  fmell,  and  tafte  5 
jto  which  Mr.  Werner  adds  the  various  refrigt* 
rating  powers  of  bodies,  but  thefe  I  moftly  omit 
as  too  vague* 
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Relation  to  acids,  changes  operated  in  low 
feats,  fufibility  and  other  changes  in  higher 
(degrees  of  heat,  phofphorefcence,  magnetifm, 
electricity,  and,  laftly,  ttye  refujts  of  a  juft 
analyfis. 


Colours, 

Of  thefe  I  fliall  name  only  the  moft  fimple, 
and  thofe  whofe  denominations  require  fome 
explanation. 

White.  Milk  white — contains  a  flight  mixture 
pf  blue. 

Grey— %  mixture  of  white  and  black,  in  which 
Jiowever  the  white  predominates. 

Lead  grey— grey  with  a  flight  mixture  of 
azure  blue. 

Pearl  grey — pale  grey  with  a  flight  mixture 
of  violet  blue. 

Smoke  grey— dark  grey  with  a  flight  mixture 
pf  blue  and  brown,  as  in  flints. 

Steel  grey— nearly  the  fame,  but  with  a  more 
jnetallic  afpeft. 

Black. 

Blue.     Indigo  blue — the  deepeft,  nearly  black. 

Azure  blue — fomewhat  lighter. 

Smalt  blue — paler  than  the  foregoing. 

Lavender 
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Lavender  blue — blue  with  a  mixture  of  grey, 
and  a  fhade  of  red. 

Violet  blue — reddifh  blue. 

Celeftial  blue — pale  blue  with  a  flight  lhade 
of  green. 

Green — refults  from  a  mixture  of  yellow  and 
blue. 

Verdigris  green— that  in  which  no  lhade  of 
yellow  is  perceptible,  rather  bluifh. 

Celadon  green — bluifh  green  with  a  fhade  of 
grey. 

Mountain  green — pale  greyifh  green. 

Emerald  green — pure  green. 

Meadow  green — lively  green,  in  which  how- 
ever the  yellow  predominates. 

Apple  green — green  verging  to  white. 

Leek  green — dark  green  with  a  mixture  of 
brown. 

Piftachio  green — meadow  green  with  a  mix- 
ture of  brown. 

Sparrow  grafs  green — pale  yellowifh  green 
with  a  mixture  of  grey  and  brown. 

Olive  green — pale  yellowifti  green  with  a 
flrong  mixture  of  brown. 

Canary  green — paie  yellowifh  green  without 
any  mixture  of  brown. 

Tellow — refults  from  a  mixture  of  orange  and 
green. 

Sulphur  yellow — pale  greenifh  yellow. 

Lemon  or  gold  yellow — the  pureft. 

Honey  yellow — yellow  with  a  mixture  of 
reddifh  brown. 

Wax  yellow — darker  than  the  foregoing. 

Copper  yellow — pale  metallic  with  a  made  of 
red. 

'  »7^ '"? . 'f. •'  <  ''.'I  '$'.\; 
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Brafs  yellow — pale  metallic  with  a  fhade  of 
green. 

Straw  yellow — well  known. 

Wine   yellow — pale  reddifh,    and   fomewhat 
brownifh. 

Ochre  yellow— fomewhat  dark  with  a  fhade 
of  brown. 

Ifabella  yellow — brownifh  yellow  with  a  fhade 
of  brownifh  red. 

Orange  yellow — reddifh  yellow. 

Red.     Aurora  red — high  red  with  a  fhade  of 
yellow. 

Hyacinth  red — high   red    with   a   fhade    of 
brown. 

Brick  red — well  known. 

Scarlet  red — well  known. 

Copper  red — metallic  with  a  fhade  of  yellow. 

Carmine  red — the  pureft. 

Blood  red — darker,  well  known. 

Cochineal  red — high  red  with  a  •  mixture  of 
bluifh  grey. 

Crimfon — high  red  with  a  fhade  of  blue. 

Flefh  red — pale  red  of  the  crimfon  kind. 

Rofe  red — pale  red  of  the  cochineal  kind. 

Peach-flower  red — pale  whitifh  red. 

Mordore — -dark    red    of    the   crimfon    kind, 
mixed  with  brown. 

Brownifh  red — blood   red  mixed  with  brown* 

Brown — refults  from  a  mixture  of  red.;  black, 
and  yellow. 

Reddifh  brown — brown  verging  to  blood-red. 

Clove  brown — dark  brown    with   a  fcarcely- 
perceptible  fhade  of  crimfon. 

Yellowifh  brown — pale  brown  with  a  lhade  of 
ochre  yellow. 

- 
Tombac 
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Tombac  brown— -metallic  yellowifh 

Liver  brown — greyilh  brown. 

In  examining  the  colours  of  foffils  the  internal 
is  chiefly  to  be  regarded,  as  the  external  is  often 
ftained  or  tarnifhed,  and  the  furface  frequently  o/ 
a  different  nature  from  decompofokm  er  mixture 
with  a  foreign  mineral, 

Shaft. 

The  Ihape  of  foffils  is  either  indeterminate, 
particular ,  or  regular. 

Indeterminate,  or  amorphous,  is  that  which  can 
be  compared  with  no  other. ' 


Particular  Shapes* 

Dentiform,  fhort,  fomewhat  crooked,  cones/ 

Filiform. 

Capillary  (till  finer- 

Interwoven,  or  reticulaf. 

Denritic,  or  arbor efcent. 

Coralliform,  or  forked  and  crooked  *. 

Stalattitic,  cones  iffuing  from  a  common  ftem. 

Tubuliform,  (lender  cylinders  adjoining  each 
other. 

Ramified. 

Botryoidal,  like  grapes. 

Kidneyforw,  or  reniform,  rotind  elevations 
bearing  other  fmall  elevations. 

Bulbous,  prefenting  rounded  elevations  with 
fome  depreffions. 

Deprcjfed,  an  elevation  beat  in  in  the  middle  -}-, 

*  Zackig.  t  Geftoflen. 

Spscular9 
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Specular,  prefenting  a  flat  poliftied  furface  like 
ft  mirror. 

Cellular,  prefenting  cells  formed  of  laminas 
croffing  each  other. 

Perforated,  traverfed  with  round  holes* 

Corroded. 


Determinate. 

Under  this  head  are  comprehended  the  various 
forms  of  cryftallized  fubftances,  refulting  from 
the  aflemblage  of  a  determinate  number  of  fides. 

The  varieties  of  form  which  cryftallized 
bodies  prefent  I  mall  not  attempt  to  enumerate, 
and  fo  much  the  lefs  as  I  think  their  detail  of 
very  little  ufe.  Thofe  who  wifti  for  more  infor- 
mation on  this  head  may  confult  Rome  de  Lifle, 
Mr.  Werner,  and  an  excellent  Diflertation  by  Mr. 
Wideman,  in  the  4th  volume  of  the  Berlin  Ob- 
fervations. 

A  furface  on  which  very  minute  cryftals  abound 
is  called  drvfy. 


Luftre. 

s-^eaY-  • 

Luftre  is  the  glofs,  and  often  brightnefs,  which 
foffils  difcover,  ibmetimes  on  their  external  fur- 
face,  but  more  frequently  on  their  internal  furface, 
when  frefli  or  broken.  Of  this  luftre  Mr.  Wer- 
ner diftinguiflies  various  forts ;  the  metallic,  the 
pearly,  the  waxy,  that  of  greafe9  the  glajfy,  and 
the  common.  When  no  particular  fort  is  men- 
tioned, it  is  understood  to  be  of  the  common 
kind. 

7  There 
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There  are  alfo  different  degrees  of  luftre,  which 
I  denote  by  figures. 

4.  denotes  the  ftrongeft,  and  is  perceived  at  a 
certain  diftance,  fuch  as  that  of  diamonds  and 
poiiihed  metals. 

3.  denotes  a  weaker,  fuch  as  that  of  cryftalsor 
metals  not  much  polifhed  *. 

2.  denotes  a  ftill  weaker,  as  that  of  filk,  or 
(till  lefs  gloffy  f. 

1.  when  only  a  few  particles  reflect  any  luftre, 
or  it  is  exceeding  weak. 

0.  dull,  reflecting  no  luftre  at  all. 

When  luftre  is  mentioned  (imply,  without 
fpecifying  which,  the  internal  is  underftood. 

Tranfparency. 

Of  this  Mr.  Werner  diftinguifhes  feveral  degrees, 
which  I  note  by  figures. 

4.  denotes  that  degree  which  allows  objects  to 
be  clearly  diftinguifhed  J. 

3.  that  which  1  utters  objects  to  be  perceived, 
but  not  diftinctly  §. 

2.  that   which   tranfmits  light,    but  does  not 
permit  objects  to  be  difcerned  [|. 

1.  that  which  tranfmits  light  only  at  the  edges. 
o.  denotes  perfect  opacity. 

When  a  foffil  poiTefles  thefe  qualities  in  various 
degrees,  I  place  the  figure  denoting  the  moft 
ufual  degree  firft,  and  the  leaft  common  degrees 
follow  in  their  order. 

-HJ  ,v.  <r  M-.W 

*  Sebr  glanzende  of  Werner,  and  glanzende. 
f  Wenig  glanzende.  £  Durchfigtig. 

5  Halb  durchfi^tig.  (|  Durch  fcheinend. 

..  Texture, 
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Texture  or  Fr aft  are. 

The  texture  of  a  foflil  is  difcovered  by  break- 
ing it ;  and  hence  Mr.  Werner  commonly  calls  it 
the  frafture  ;  though  this  appellation  be  not  the 
moll  juft,  yet,  as  it  is  now  in  conftant  ufe,  and 
xveli  understood,  I  fhall  alfo  employ  it  in  the  fame 
fenfe.  Mr.  Werner  no  where  mentions  in  what 
dire&ion  this  fracture  mould  be  made;  but  I  think 
it  may  be  collected  that  it  fhould  be  made  in  the 
direction  in  which  it  may  moft  eafily  be  effected, 
and  moft  commonly  the  crols  fracture  is  to  be 
underftood  :  the  natural  feams  or  joints  of  the 
(tone  are  to  be  avoided. 

The  form  of  the  internal  furface  of  a  foflil, 
which  its  fracture  prefents  to  us,  refults  from 
that  of  the  minute  particlestnat  compofe  it,  and 
are  called  the  grain  of  the  (lone  or  foflil;  thcie 
may  be  fo  minute  and  clolc  as  icarceh  to  be  dsf- 
tinguifhed,  or  more  open  and  diflfncV:  according 
to  the  direction  and  mode  of  union  of  rheic  par- 
ticles the  frafture  is  diltingnimed  into  compaft, 
fibrous,  Jtriated,  foliated,  and  jlaiy. 

Of  the  Compact  Fracture  *. 

The  compact  fracture  is  that  in  which  the 
minute  particles  of  a  roflii  are  either  uniformly 

*  Much  nhfcurity  prevails  in  this  part  of  Mr.  Werner's 
treatife,  which  he  h ••  s  or  iatx-  I  unoerltand  much  iir.pi  v»-i:  ; 
and  hence  i  m<ty  have-  millnken  his  meani  ig  in  Ibir.c  in- 
ibnces,  more  elpeciaily  ns  I  cannor  procure  the  original 
(which  i  loft),  and  am  c.i  iiged  to  ule  the  French  tranflatioo. 
I  alio  add  iornewhat  from  ?*ir.  Karften. 

D  arranged, 
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arranged,  or  at  lead  have  no  particular  determi" 
nate  direction  nor  inequalities,  but  thofe  arifing 
from  the  mere  act  of  breaking  it :  of  this  frac- 
ture there  are  fix  forts,  the  uneven,  even,  con- 
choidal,  fplintery,  earthy,  and  hackly. 

The  uneven  takes  place  when  great  inequalities 
prevail  in  the  direction  of  the  line  of  fracture. 

The  even  is  that  which  prefents  flat  furfaces 
with  fcarcely  any  prominent  parts. 

The  comhoidal,  otherwife  called  tejlaceous,  pre- 
fents round  elevations  and  depreflions  like  fhells : 
the  perfeft  is  iingle,  and  the  elevations  are  often 
wrinkled  ;  the  imperfeft  is  flatter,  or  the  eleva- 
tions and  depreflions  are  more  minute  and  more 
numerous. 

The  fplifitery  difcovers  fcsles  arifing  from  fplits 
or  fiffuies  parallel  to  the  line  of  fracture,  which 
are  thicker  at  the  end  at  which  they  ftill  adhere 
than  at  the  end  at  which  they  are  feparate ; 
and  confequently  are  opake  at  the  thick,  but 
ibmevvhat  transparent  at  the  other  end,  elfe  their 
feparation  would  fcarcely  be  perceived :  thefe 
fpl inters  are  either  coarfe  or  Jine,  fometimes  fo 
minute  as  to  be  fcarcely  difrernible.  From  the 
fize  of  thefe  fplinters  minerals  are  denominated 
coarle  or  fine  grained. 

The  earthy  fratture  is  that  which  prefents  fmall 
rough  prominences,  as  dry  clay:  it  is  however  dif- 
tinguimed  into  coarfe  and  fne.  It  is  commonly 
destitute  of  luftre  and  tranfparency. 

The  hackly  prefents  lharp  points,  eafily  per- 
ceived in  feeling  it. 
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Of  the  Fibrous  FraBure. 

This  prefents  either  lines  or  threads,  Tome  fo 
fine  as  to  be  fcarcely  perceptible,  and  forne  groflcr 
or  coaricr.  Thefe  are  Jlraigbt  or  curved,  parallel 
or  diverging,  or  ftellated,  that  is,  diverging  like 
the  rays  of  a  ftar  from  one  common  center,  of 
bundled  together,  or  interlaced* 


Of  the  Striated  Frafiure. 

The  ftriated  fracture  confifts  of  long  narrow 
feparable  parts,  laid  on  or  befide  each  other; 
they  have  proportionably  more  length  than 
breadth,  and  are  thicker  at  one  end  than  at  the 
other;  however  they  frequently  differ  in  breadth, 
and  hence  they  are  divided  into  fine,  or  narrow, 
or  broad.  Their  direction  is  alfo  either  Jlraigbt 
or  curved,  parallel  or  diverging,  oc  Jlellated,  or 
bundled,  or  interlaced,. 


Of  the  Foliated  Frafturt. 

This  difcovers  plates  nearly  as  broad  as  long, 
with  polifhed  fhining  furfaces,  and  commonly 
even  fpecular  ;  fome  have  large,  fome  exceeding 
minute  faceties,  'fame  Jlraigbt,  fome  curved,  fome 
undulating  or  ivavy,  fome  parallel,  fome  diverging : 
when  fmall  and  irregularly  placed,  they  are  often 
called  fcales.  Minerals  that  confift  of  grains,  and 
are  at  the  fame  time  foliated,  are  called  granu- 
le 2 
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larly  foliated.     When   the   lamcllce   abound   in 
cracks,  I  call  that  frafture  \kejhatteredfoliated. 


Of  the  Slaty  Fratture. 

This  Mr.  Werner  has  not  explained.  It  feems 
to  differ  from  the  foliated  in  this,  that  the  lamina? 
are  larger,  thicker,  and  have  not  a  polifhed,  or 
at  leafl  not  a  fpecular,  furface. 

The  imperfectly  flaty  is  often  called  JJitftofe. 

We  may  alfo  diftinguiih  the  thick,  thin  or  fine 
flaty,  and  alfo  the  curved  and  undulating. 


Shape  and  Sbarpnefs  of  the  Fragments. 

When  a  foffil  is  broken  into  fragments,  the 
ihape  of  thefe  is  moft  frequently  indeterminate, 
but  fometimes  cubical,  rhomboidal,  or  pyramidal, 
or  trapezoidal,  although  thefe  forms  are  often 
dilguifed ;  allo  the  long  fplintery,  the  broad fplin- 
tery,  and  the  tabular  which  confifts  of  plates 
that  grow  thinner  and  fharp  at  the  extremities, 
are  obfervable. 

When,  in  the  fequel,  the  form  of  the  frag- 
ments is  not 'mentioned,  it  is  to  be  underflood 
that  it  is  indeterminate. 

The  (harpnefs  of  the  fragments  muft  alfo  be 
noticed  ;  4  denotes  the  fharpeft,  as  thofe  of  glafs; 
3,  fliarp,  but  in  a  lefler  degree ;  2,  rather  lharp  j 
i,  rather  blunt  j  o,  perfectly  blunt. 


Diftinft 
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Diftinft  Concretions. 

Thefe  are  difcovered  by  their  diftinft  and  fepa- 
rate  pofition  in  the  internal  ftrufture  of  a  mineral, 
or  by  the  intervention  of  a  delicate  rift  or  fiffure ; 
they  are  of  three  forts,  the  granular,  lamellar, 
and  columnar. 

The  granular  have  nearly  an  equnl  breadth  and 
thicknefs,.  and  appear  rather  rounded;  they  are 
either  grofs,  coarje,  fmall,  fne,  angular,  &c. 

The  lamellar  are  thofe  whofe  length  and 
breadth  are  confiderable  in  refped  to  their  thick- 
nefs; they  are  thick  or  thin,  fpherically  con- 
vex, &c. 

The  columnar  are  thofe  whofe  length  much 
exceeds  their  breadth  and  thicknefs,  which  are 
nearly  equal. 


Cohefon. 

Under  this  head,  the  firmnefs,  hardnefs,  and 
impenetrability  of  minerals  are  noted  ;  thofe  that 
ftrongly  refift  fracture  areyfm  ;  thofe  that  a  blow 
fhivers  into  many  pieces  are  called  brittle. 

Of  hardnefs  Mr.  Werner  ditfinguifhes  many 
degrees  :  i°  he  calls  thofe  minerals  hardihtt  give 
fire  with  fteel,  and  among  thefe  he  diflinguifhes 
thofe  thatj'/Wd?  to  the  file,  as  the  white  copper  ore, 
hematites,  &c. ;  thofe  that  yield  but  (lightly,  as 
flints,  cryftal,  calcedony,  &c.;  thofe  that  do  not 
yield  at  all,  as  diamonds,  rubies,  emeralds. 

2°  he  denominates  thofe  half  hard  that  do  not 

give  fire  with  fteel,  and  are  difficultly  (craped  by 

D  3  a  knife, 
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a  knife,  as  fluors,  zeolytes,  calcareous  fpars,  ba- 
falts,  &c. 

3°  he  calls  tender  or  foft,  thofe  that  may  eafily 
be  fcraped  by  a  knife,  but  not  by  the  nail,  as 
barofelenite,  mica,  ferpentines,  &c. 

4°  he  calls  very  foft  or  tender,  thofe  that  may 
be  fcraped  by  the  nail,  as  fteatites,  gypfum, 
talc,  &c. 

I  diftinguifh  the  various  degrees  of  hardnefs  by 
figures. 

3.  denotes  the  hardnefs  of  chalk. 

4.  a  fuperior  hardnefs,  but  yet  what  yields  to 
the  nail. 

5.  that  which  will  not  yield   to  the  nail,  but 
eafily  and  without  grittinefs  to  the  knife. 

6.  that  which  yields  more  difficultly  to  the 
knife. 

7.  that  which  fcarcely  yields  to  the  knife. 

8.  that  which  cannot   be  fcraped  by  a  knife, 
but  does  not  give  rire  with  fleel. 

9.  that  which  gives  a  few  teeble  fparks  with 
fleel,  as  bafolt. 

10.  that  which  gives  plentiful  lively  fparks, 
as  flint. 

'  The  fuperior  degrees  are  difcovered  by  obfcr- 
ving  the  order  in  which  (tones  cut  each  other. 
Under  this  head  alfo,  flexibility  and  clajiicity  may 
be  noticed. 


This  is  found  by  taking  the  fpecific  gravity  of 
Hones,  &c.  in  diftilled  water  at  the  temperature 
of  from  59°  to  64°  Fahr. 

As  the  temperature  of  62°.  the  true  tempera- 

ture for  taking  fpecific  gravities,  does  not  always 

7  prevail, 
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prevail,  the  fpecific  gravity  of  a  folid  being  found 
at  any  other  temperature  between  45"  and  75° 
Fahr.  may  be  found  by  the  following  table,  fuch 
as  it  would  be  if  examined  when  both  it  and  the 
water  were  at  62°. 

Then  as  the  fpecific  gravity 
of  water  at  62°  is  to  its  fpec.  gr. 
at  n  degrees  between  45°  and  75° 
inclufively  ::,  fo  is  the  fpec.  grav. 
of  any  folid  found  at  n  degrees 
to  that  which  it  would  be  found 
to  poflefs  at  62°. 

Again,  as  diftilled  water  can- 
not always  be  procured,  it  is  pro- 
per to  know  what  the  fpec.  grav. 
tound  in  common  or  pump  water 
would  amount  to,  if  inftead  of 
pump  water  diftilled  water  had 
been  ufed.  This  may  be  difco- 
vered  in  the  following  manner : 
fuppofmg  you  have  fome  parti- 
cular fohd,  whofe  lofs  of  weight 
in  diftilled  water  of  the  tempe- 
rature of  62°  is  known,  but  if 
the  temp.  62°  does  not  then  pre- 
vail, firft  find  what  the  lofs  of 
weight  of  the  folid  would  be  in  diitilled  water 
of  the  given  temperature  by  the  annexed  table, 
and  this  analogy. 

As  the  fpec.  grav.  of  diftilled  water  at  62°  is 
to  its  fpec.  grav.  at  n-  degrees,  fo  is  the  lofs  which 
a  folid  fuffers  in  it  at  62°  to  the  lofs  which  it 
fufTers  in  it  at  n  degrees.  By  this  means  you  find 
the  lofs  that  particular  folid  would  fuffer  at  n  de- 
grees, the  given  temperature,  in  diftilled  water; 
D  4  this 


Tempe- 
rature. 

specific  gra- 
vity of  Water 

45 

icooB 

50 

10007 

53,6 

10005 

55 

10004 

57 

IOC03 

59 

IOC02 

60,5 

I  000  I 

62 

10000 

64 

9998 

66 

9997 

68 

9995 

69 

9994 

7° 

9993 

71 

9992 

72 

999  l 

73 

9989 

74 

9988 

75 

9987 
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this  folid  therefore  fhould  make  a  part  of  the 
mineralogies!  fupellex. 

~hu.  knowing  the  lofs  of  ibis  folid  in  diftilled 
water  at  the  given  temperature,  and  alfo  its  lofs 
ir,  pump  water  at  the  fame  degree,  and,  dividing 
the  letter  by  the  former,  you  have  the  fpec.  grav. 
of  the  pump  water  at  the  fame  degree. 

2iilv.  The  fpecific  gravity  of  pump  or  other 
water  being  thus  had,  you  may  find  what  fpecific 
gravity  the  ioluis  under  examination  would  have 
in  diftilled  water  in  the  fame  temperature' as  that 
of  the  pimp  water  in  which  their  fpecific  gravity 
is  fuppofed  to  have  been  already  obtained;  by 
thi-  anal  gy,  as  the  fpec.  grav.  of  diililled  water 
at  the  given  temperature"  is  to  that  of  pump, 
water  at  the  fame  temperature,  fo  is  the  lofs  of 
the  loiid  examined  in  pump  water  to  the  lofs  it 
would  experience  in  diftilled  water  :  ihen  dividing 
the  weight  in  air  by  this  lofs,  the  fpec  grav. 
it  would  have  in  diftilled  water  a.  this  tempera- 
ture is  obtained  ;  after  which  the  fpec.  grav.  it 
would  have  at  62  is  found  by  the  fir  ft  analogy. 

Mr.  Briflon  has  determined  with  much  accu- 
racy the  fp«-c.  grav.  of  a  great  variety  of  minerals, 
but  unfortunately  he  was  ill  informed  of  the  true 
denomination  of  many  of  thofe  fubftances,  and 
neglected  defcribing  them,  which  renders  his 
work  in  many  cafes  of  lirrle  ufe.  He  tells  us 
in  his  preface,  that,  he  took  them  at  14°  of 
Reaumur,  but  does  not  fay  whether  he  em- 
ployed the  true  thermometer  of  lleauiuur,  or 
that  improved  by  himfelf.  I  fuppole,  how- 
ever, he  rtJcant  the  latter,  as  it  is  employed  in 
the  meteorological  obfervations  of  Paris  fince  the 
year  1761;  in  that  cafe  his  14°  anfwer  very 
to  61°  Fahr.  In  the  following  work  the 

fpecific 
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fpecific  gravities  of  many  minerals  are  given  that 
were  n^ver  before  examined,  as  well  as  of  a  great 
number  that  had  been  examined,  but  not  in  all 
their  varieties, 

Mr,  Werner,  though  he  recommends  an  accu- 
rate determination  when  it  can  be  obtained,  di- 
vides in  general  all  minerals  into  i °  fupe rn Jtant, 
that  is,  that  float  on  water.  2°  light,  viz.  thofe 
whofe  fpec.  grav.  extends  from  i,  to  2,000.  3° 
not  remarkably  heavy,  whofe  fpec.  grav.  extends 
from  2,000  to  4,000.  4°  heavy ',  whofe  fpec.  grav* 
extends  from  4,  to  6,000 ;  and  5°  very  heavy, 
whofe  fpec.  grav.  exceeds  6,000.  This  grofs  de- 
termination may  be  learned  by  long  experience 
of  weighing  them  in  the  hand. 

The  molt  convenient  instrument  for  taking 
fpec.  gravities  is  that  invented  by  Mr.  Nicholfon, 
of  which  a  defcription  may  be  feen  in  vol.  II.  of 
the  Memoirs  of  Manchefter,  or  Mr.  Magellan's 
improved  edition  of  Cronrtedt. 

When  the  fpec.  grav.  of  any  ftone  is  much 
inferior  to  that  of  the  fpecies  to  which  it  other- 
wife  feems  to  belong,  it  were  proper  to  reduce  it 
to  powder,  and  take  its  fpec.  grav.  in  that  Hate 
alfo. 

ADHESION  to  the  tongue  zn&  fingers,  COLOUR  of 
a  Jtreakt  DIFFUSION  in  water,  are  eafily  under- 
ftood. 

As  to  the  FEEL,  we  may  diftinguilh  thofe  that 
are  rough,  fmooth,  or  greafy. 

The  SMELL  may  be  fulphureotts,  bituminous, 
urinous,  or  earthy. 

The  TASTE  aftrinzent,  faline,  &c. 

As  to  the  RhFRiGERAriN«  POWER,  that  is,  of 
impreffing  a  fenfation  of  cold  when  felt,  though 
in  general  it  is  too  vague  to  deferve  notice,  yet 
in  fome  particular  indanccs  it  may  be  ufeful  to 

obferve 
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obferve  that  in  the  fame  temperature  precious 
ftones  feel  colder  than  the  artificial  or  falfe  gems, 
c.r  other  ftones  of  the  filiceous  clafs ;  and  thele, 
than  ftones  of  the  argillaceous  or  calcareous  ;  and 
marble,  than  alabafters  or  gypfums ;  and  traps 
or  bafalts,  than,  fcrpentjnes. 

Of  the  internal  Properties  of  Minerals. 

Of  this  fort  are  i°  their  magnetic  and  eledric 
properties. 

2°.  Their  relation  to,  acids.  Their  folubility 
therein,  either  partial  or  total,  when  entire  or  in 
powder,  with  or  without  heat,  effervefcencej 
change  of  colour,  gelatination,  &c. 

3°.  Their  relation  to  Jire  ;  "and  i°,  in  loiv  heats, 
their  decrepitation,  difcolouration,  induration, 
lofs  of  weight,  phofphorefcence,  &c. ;  2°,  in 
bigb  heats,  the  calcination,  infufibility  or  fufibi- 
lity,  at  different  degrees  meafured  by  Mr.  Wedg- 
wood's Pyrometer,  an  inftrument  of  indifpenfa'ole 
wtility  in  mineralogical  refearches ;  its  fcale  com- 
mences at  the  heat  at  which  iron  is  vifibly  red  in 
ihe  day  time,  truu  is,  at  about  1077  Fahr.  and 
extends  to  170°  ot  his  fcale,  and  perhaps  farther  : 
each  degree  of  Wedgwood  is  equal  to  130  Fanr. 
above  1077.  An  idea  of  the  heats  it  me^fure^ 
may  be  had  by  the  following  table  : 

Brafs  melts  at  -  -  ?i° 

Swedifti  Copper  -  27 

tine  iilvcr  -  -  28 

tine  gold  -  -  32, 

Leaft  welding  heat  of  iron  -       90 

(Jreatefl  of  ditto  95 

Created  of  a  common  fmith's  forge       125 
Heat  of  copper  and  brafs  founderies       140 

Oft 
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Caft  iron  melts  130 

Heat  of  iron  founderies  -  150 

Greateft  heat  of  a  good  wind  furnace     160 

By  the  help  of  a  large  bellows,  loaded  with 
igolb.  wt.  I  raifed  in  my  forge  a  heat  of  168° 
in  lefs  than  half  an  hour. 

Of  FUSIBILITY,  there  are  various  degrees  ap- 
proaching more  or  lefs  to  vitrification. 

The  firft  or  loweft  degree  is  emolkfcence,  or 
that  degree  of  foftnefs  which  alters  the  fhapc  of 
the  body ;  or,  if  the  fubftance  be  in  powder, 
produces  agglutination.  Opake  bodies  by  this 
heat  become  often  ilightly  tranfparent  at  the 
edges. 

The  fecond  degree  is  the  porcelain  Hate.  In  this 
fome  points  are  vitrified,  but  the  greater  number 
are  not,  and  confequentiy  the  grain  can  be  dif- 
tinctly  perceived  ;  this  alfo  has  its  degrees.  Some 
porcelains  are  deftitute  of  luftre,  and  fome  have 
a  flight  glazing  \  on  thefe  laft  the  fire  has  had  a 
greaier  effect.  Some  porcelains  are  porous,  and 
iome  compact. 

The  third  is  that  in  which  the  granular  appear- 
ance is  deftroyed,  but  no  tranfparency  induced. 
Bodies  in  this  ftate,  if  they  are  metallic  and  com- 
pact, are  called  Jlaggs,  if  porous  fcuri<z>  if  they 
have  a  virrcous  glofs,  enamels. 

The  4th  is  that  in  which  the  fubftances  acquire 
a  femitranfparency.  And 

The  5th,  that  in  which  they  become  com- 
pletely tranfparent.  Both  enamels  and  vitrifica- 
tions are  iometimes  compact,  fometimes  porous. 
Some  fubftances  are  incapable  of  becoming  either 
tranfparent  or  femitranfparent, 

The  moft  commodious  furnace  for  examining 
the  effect  of  high  heats  on  minerals  is  a  forge 

furnilhed 
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furnifhed  with  a  large  bellows,  loaded  if  necef- 
fary.  The  length  of  time  which  wind  furnaces 
require  to  produce  their  full  effect  is  the  caufe 
that  the  fubftances  frequently  melt  by  being  long 
in  contact  with  the  clay  of  the  crucibles,  whereas 
a  forge  may  be  brought  to  its  full  heat  in  lefs 
than  an  hour;  snd  after  the  firft  experiment, 
which  heats  the  hearth,  in  lets  than  half  an  hour; 
and  does  not  give  time  to  the  minerals  under  ex- 
amination to  acton  the  crucibles,  as  I  have  learned 
from  repeated  experience.  Swanfey  coal  I  find 
the  beft.  I  call  thofe  bodies 

Very  e  \fily  fujible  th'at  melt  at  between  30°  and 
40°  of  Wedgwood  ;  and 

Etifily  fujible  thofe  that  melt  between  100'  and 
125. 

Moderately  fnfible  when  they  melt  between  125° 
and  i ;  5°. 

Djficultly  fiifwle  when  they  require  a  heat  of 
from  135°  to  15^°. 

Very  difficultly  fufibfe  when  a  heat  from  150°  to 
165°  is  neceflary  for  their  fufion. 

If  platina  crucibles  be  uied  they  mould  be 
coated. 

Mineral  alkali,  borax,  and  microcofmic  fait, 
deprived  of  the  water  of  cryftallization,  are  the 
fluxes  generally  ufed.  I  feldom  ufe  any. 

The  heat  of  the  blow-pipe  rarely  extends  to 
125°,  and  never  exceeds  130°  of  Wedgwood. 

The  laft  of  the  internal  characters  of  mineral 
bodies  is  determined  by  the  products  or  rather 
educts  of  their  analyfis,  of  which  I  Ihall  treat 
more  amply  in  the  fequel. 


SEC- 
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SECTION     IV. 


An  Idea  of  the  Clarification  of  Earths  and  Stones* 


the  mod  general  view  of  an  indifcrimi- 
nate  heap  of  earths  and  ftones,  we  may  readily 
perceive  that  fome  have  an  HOMOGENEOUS  afpeft; 
none  of  the  parts  of  which  their  volume  confifts 
bearing  the  appearance  of  being  compofed  dif- 
ferently one  from  the  other. 

Others  on  the  contrary  vifibly  involve  two  or 
more  heterogeneous  fubftances,  either  adhering 
to,  or  inhering  one  in  the  other  :  thefe  are  called 

AGGREGATES. 

Laftly,  others  feem  to  participate  of  the  na- 
ture of  two  (or  perhaps  more)  heterogeneous 
fofHls,  without  however  any  vifible  feparation  of 
one  from  the  other  :  thefe  I  call  DERIVATIVES. 

Thus  we  have  three  primary  divifions  of  earths 
or  ftones. 

In  reducing  each  of  thefe  iato  minuter  divi- 
fions,  we  naturally  begin  with  the  homogeneous 
as  the  moft  fimple. 

The  CLASSIFICATION  of  earths  and  ftones  con- 
fifts in  their  arrangement  in  a  certain  order  rela- 
tively to  each  other. 

ORDER,  when  not  arbitrary,  neceffarily  fup- 
pofes  both  diftinftion  and  refemblance.  Without 
difwiftion  all  the  bodies  to  be  arranged  would  be 
equally  entitled  to  the  fame  place  in  the  feries. 
Without  refemblance  no  reafon  could  be  affigned 
i  why 
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why  a  body  fhould  occupy  one  particular  place 
rather  than  another  place,  there  being  no  relation 
to  connect  it  with  the  preceding. 

Hence  it  follows,  that  thofe  bodies  which  re- 
fernble  each  other  moft,  fhould  be  grouped  toge- 
ther;  and,  confequently,  that  there  fhould  be  as 
many  heads  of  general  divifion  as  there  are  ge- 
neral grounds  of  refemblance. 

If  it  be  afked  whence  this  refemblance  fhould 
be  taken ;  whether  from  the  external  or  internal 
characters  ?  1  ahfwer,  it  fhould  be  taken  from 
both,  it  being  the  refult  of  the  joint  confideratkm 
of  both. 

Nbw  upon  examining  the  totality  of  homoge- 
neous earrhs  and  flones,  it  will  be  found  that 
thofe  refemble  each  other  mofl  that  contain  the 
largeft  proportion  of  the  fame  fimple  earth,  or 
moil  of  the  characterizing  properties  of  the  fame 
fimple  earth  ;  and,  as  there  are  nine  fimple  earths, 
k  follows  that  there  muft  be  nine  genera,  or  pri- 
mary divifions  of  homogeneous  earths  and  flones. 

In  the  fame  manner,  under  each  head  or  genus, 
we  may  confider  thofe  fubftances  zs  fpecifically  dif- 
ferent that  refemble  each  other  leait,  or  that  dif- 
fer in  fome  important  property  relatively  to  hu- 
man ufes ;  for  fyflems  being  fabricated  to  help 
the  memory,  by  pointing  out  the  moft  important 
diflindlions,  and  none  being  more  fo  than  thofe 
that  are  applicable  to  human  ufes,  fhould  never 
lofe  fight  ot  their  primary  end  and  defignation. 
I  am  well  aware  that  fome  very  eminent  mineralo- 
gifts  would  wifh  to  referve  diftin&ions  relative  to 
praftical  utility,  for  a  branch  of  mineralogicai 
knowledge,  which  they  intitle  (ECONOMICAL 
MINERALOGY;  and  when  thefe  diftinftions  are 
not  of  confiderable  importance,  and  would  intro- 
duce 
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duce  confufion,  I  think  they  may  be  referved 
for  a  feparate  work  of  that  nature;  but  when 
they  do  not  clafh  with  other  natural  divifions,  t 
would  not  hefitate  to  place  them  in  the  fame 
rank;  and  in  effeftthefe  fame  mineralogifts  allow 
potters  earth,  fullers  earth,  tripoli,  &c,  a  place 
in  what  they  efleem  the  natural  fyitem. 

Hence  i°.  The  generic  earths,  combined  with 
an  acid,  are  fpecifically  different  from  thofe  that 
are  not. 

2°.  The  fame  generic  earth,  combined  with 
different  acids,  forms  different  fpecies.  ' 

3°.  The  fame  generic  earth,  combined  with  a 
notable  proportion  of  one  or  more  of  the  other 
earths,  forms  a  different  fpecies  from  the  fame 
generic  earth,  either  uncombined  or  combined  with 
a  lefs  important  proportion  of  other  earths.  I  call  a 
proportion  notable  or  important  when  it  introduces 
a  confiderable  alteration  in  the  external  or  inter- 
nal characters  of  the  compound.  Thus  fuch  a 
proportion  as  induces  a  confiderable  change  m 
the  fpecific  gravity,  or  in  the  fufibility  of  any 
fubftance,  is  notable  or  important;  fo  in  the  cal- 
careous genus  fuch  a  proportion  of  foreign 
earth,  or  earths  as  would  prevent  it  from  burn- 
ing to  lime,  is  certainly  of  importance,  and 
the  diftin&ion  grounded  in  nature :  fo  propor- 
tions that  alter  the  fufibility  of  fubftances,  with 
refpedt  to  the  degree  at  which  they  arc  fufible, 
are  certainly  notable,  and  a  good  foundation  for 
fpecific  diftinftions, 

But  varieties  of  proportion,  or  even  of  ingre- 
dients, that  produce  no  notable  change,  either 
in  the  internal  or  external  properties  of  a  com- 
pound, make  no  alteration  in  the  fpecies  ;  and 
in  faft  there  are  fcarcely  any  earths  or  ftones  that 

have, 
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have,  finely  fpeaking,  the  fame  proportion  of 
ingredients.  Traps  or  bafalts,  and  zeolytes,  vary 
confiderably. 

4°.  Any  earth  which  forms  lefs  than  ?V  °f  a 
compound  is  almoft  always  of  little  importance. 

5°.  Water  forms  an  important  part  of  any 
compound  when  it  exceeds  -^  of  the  whole. 

6°.  Calces  of  iron  influence  in  fome  meafure 
the  properties  of  a  compound  when  they  exceed 
^  of  the  whole.  If  they  are  themfelves  mag- 
netic, they  communicate  that  property  to  com- 
pounds of  which  they  form  above  ^ 

SPECIES  are  further  divifibic  from  fome  parti- 
cular points  of  agreement  into  families,  or  ciaffes 
and  families ;  fometimes  it  is  neCeffary  to  form 
diftinclions  where  fptcific  characters  are  not  de- 
cided; in  which  cafe  1  diftribute  the  clailes  into 
tribes  and  families,  as  will  be  leen  in  the  iequel. 
The  minuter  diverfifications  are  called  varieties. 
The  term  fpctimen  correfponds  with  that  of  indi* 
victual  in  the  animal  kingdom. 
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SECTION 


• 

Experiments  on  thefuftble  and  infufMe  Proportions 
of  Simple  Earths. 


As  the  fufibility  of  fimple  earths,  when 
mixed  together  in  certain  proportions,  while 
thofe  earths  fingly  taken  are  infufible,  forms  one 
of  the  moft  furprifing  phenomena  in  naturaf 
philofophy,  and  one  of  the  molt  important 
grounds  of  fpecific  diftinclion  among  earths  and 
flones  in  mineralogy,  I  have  taken  the  pains  of 
afcertaining,  with  more  accuracy  than  has  already 
been  pradtifed,  the  proportions  and  degrees  of 
heat  at  which  it  takes  place  (many  of  which  had 
never  before  been  tried),  and  alfo  the  fufibility 
of  mixtures  in  which  an  earth  is  introduced  th?.t 
never  before  had  been  eifayed.  Thefe  experi- 
ments are  alfo  productive  of  two  capital  advan- 
tages:  i.  They  lead  to  the  knowledge  of  the 
compofition  of  fome  minerals,  of  whpfe  analyils  we 
are  as  yet  ignorant ;  arid,  zdly,  they  ferve  as  a 
teft  of  the  analyfis  already  made;  for  it  is  plain, 
that  analyses  that  amgn  a '  fofible  proportion  of  in- 
gredients to  an  infufiWe  ftpns  o;  e;rth,'or  an 
infufible  •proportion  to  one  that  is  fufible,  mud  be 
erroneous. 

To  promote  thefe  purnofes  as  far  as  poflible, 

it  is  neceffary  to  introduce  and  fet  forth  not  only 

my  own  experiments,  but  all  thofe  of  my  prede- 

E  ceffors 
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cefibrs  in  this  enquiry,  in  which  the  proportions 
were  afcertained  with  due  accuracy,  and  the  in- 
gredients fufficiently  pure.  The  experiments  of 
Kenkel,  who  firft  remarked  this  phenomenon, 
do  not  appear.  Mr.  Pott  made  numerous  and 
important  experiments  with  compound  ftones 
and  earths,  but  fcarcely  any  on  mixtures  of  the 
iimple  earths.  M.  D'Arcet  and  Macquer  alfo 
fcarcely  ever  employed  any  but  compound  fub- 
flances.  Mr.  Achard  feems  only  to  have  under- 
taken precifely  the  fame  tafk  as  1  have ;  however, 
many  of  his  experiments  are  liable  to  objections, 
which  I  mall  prefently  mention. 

Mr.  Lavoifier  has  alfo  examined,  with  the 
mod  fcrupulous  accuracy,  the  fufibility  of  moft 
minerals  in  the  heat  excited  in  burning  charcoal 
by  pure  air,  infield  of  common  atmofpheric  air, 
and  alfo  the  fufibility  of  a  few  mixtures  of  fome 
of  the  fimple  earths :  this  heat  is  fo  powerful  as 
to  prevent  all  difference  in  the  degrees  of  fufibi- 
lity from  being  perceived ;  in  fo  much,  that, 
from  the  fufibility  experienced  in  this  mode  of 
applying  heat,  it  does  not  at  all  follow  that  the 
fame  fubftances  or  proportions  would  be  fufed  in 
the  higheft  heat  of  our  furnaces.  But  we  may 
well  draw  this  negative  conclufion,  that  fubftan- 
ces or  proportions,  which  do  not  melt  in  the  heat 
excited  by  pure  air,  are  certainly  infufible  in  the 
heat  of  our  furnaces. 

The  experiments  of  Mr.  Achard  are  made  on 
mixtures  in  \arious  proportions  of  calcareous, 
muriatic,  argillaceous,  and  filiccous  earths,  taken 
two  and  two,  three  and  three,  and  in  fome  cafes 
four  and  four. 

To  obtain  the  calcareous  earth  uncontaminated 

with  any  other,  he  diflblved  chalk  in  the  marine 

i  acid, 
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acid,  diftilled  the  folution  to  drynefs,  kept  the 
refiduum  in  red  heat  under  a  muffle  for  two 
hours,  by  which  means  the  marine  acid  was  ex- 
pelled from  every  earth  contained  in  the  chalk, 
except  the  calcareous;  this,  by  the  affjfion  of 
water,  he  rediflblved,  and  precipitated  it  by  fait 
of  tartar  *  ;  hence  we  fee  it  was  mild  calcareous 
earth,  and  not  lime,  that  he  ufed  in  his  experi- 
ments- Magnefia  he  procured  from  a  purified 
folution  of  Epfom  fait ;  and  argill  from  a  purified 
folution  of  alum,  both  by  precipitation  with  a 
fixed  alkali ;  the  earth  of  alum,  however,  ob- 
tained by  this  means,  always  retains  a  portion  of 
the  alkali. 

To  procure  pure  liliceous  earth,  he  melted  the 
white  fand  of  Freyenwalde  with  four  times  its 
weight  of  fait  of  tartar,  and  formed  a  liquor fili- 
citnij  which  he  precipitated  by  vitriolic  acid ;  the 
precipitate,  after  edulcoration,  he  digefted  in 
marine  acid,  until  nothing  more  was  duTolved  j 
the  refiduum  was  pure  filiceous  earth. 

The  calx  of  iron  he  obtained  by  folution  in 
nitrous  acid,  and  precipitation  by  a  fixed  alkali  j 
hence  it  was  perfectly  calcined. 

Thefe  earths,  mixed  in  the  different  proportions 
that  will  prefently  be  mentioned,  he  expofed  to 
the  ftrongeft  heat  of  the  royal  porcelain  furnace 
in  Berlin,  and  left  them  in  it  as  long  as  was  ne- 
ceffary  to  bake  the  porcelain  -f%  , 

What  the  heat  of  this  furnace  was  cannot  be 
directly  afcertained,  but  may  be  collected  from 
various  circumftances.  i°.  Mr.  D'Arcec  allures 
us,  that  the  heat  of  a  porcelain  furnace  exceeds 

*  Mem.  Bcrl.  1779. 
t  Mem,  BcrJ.  1780  64. 
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even  that  produced  in  the  focus  of  the  beft  burn-* 
ing  glaffes  :  this,  however,  is  not  credible.  Mr. 
Wedgewood,  an  irrefragable  witnefs  in  matters 
of  this  nature,  tells  us  that  common  Chinefe 
porctlain  foftens  at  1.20*,  and  finks  down  at  1 56* 
of  his  pyrometer.  It  ittufi  therefore  be  baked 
in  a*  much  lower  heat.  Nankeen  indeed  even 
refills  this  heat,  but  it  feems  the  only  fort  that 
does ;  yet  a  good  wind  furnace  affords  a  heat  of 
at  lea  it  160°,  much  fu  per  ior  confequently  to  the 
higheft  porcelain  heat.  But,  2dly,  Mr.  Klaproth 
informs  us,  that  the  heat  of  the  royal  porcelain 
furnace  of  Berlin  is  capable  of  reducing  manga- 
nefe  to  a  regulus,  and  therefore  it  mufl  be  at  the 
kaft  equal  ro  1.50°*,  that  being  the  heat  necef- 
fary  to  melt  down  iron.  Neverthelefs,  it  may  be 
doubted  whether  this  furnace  always  produces 
this  heat,  as  Mr.  Achard  affures  us  that  he  found 
a  mixture  of  filex  and  calcareous  earth  infufible 
in  all  proportions  -f- ;  and  yet  I  found  a  mixture 
of  equal  parts  of  both  fufible  at  150°,  and  fo  did 
Swab,  2  Mem.  Sued.  p.  443;  though  poflibly 
his  failure  in  this  inftance  might  have  proceeded 
from  his  having  uied  mild  calx,,  whereas  Swab 
and  I  have  ufed  lime,  and  this  appears  to  me 
moft  probable. 

.  But  the  great  defecl:  of  this  mode  of  effaying 
the  fufibility  of  earths  arifes  from  the  well 
grounded  fufpkion  that  their  fuiion  is  frequently 
procured  by  their  a&ion  on  the  matter  of  the 
crucible,  which  furnifhes  them  both  with  the 
argill  and  the  filex,  and  confequently  forms  a 
mixture  very  different  from  that  whole  fufibility 

*  Chym.  Ann.  1789.  n. 
f  Mem.  Berl.  1780.  32. 
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3s  intended  to  be  explored.  That  the  fufion  of 
feveral  earths  and  mixtures,  efTayed  both  by* Mr. 
Achard  and  Mr.  D'Arcet,  arofe  from  this  caufe, 
can  fcarcely  be  doubted.  Mr.  Achard  found  a 
mixture  of  two  parts  calcareous  earths  and  one 
part  magnefia  verifiable  *,  yet  Mr.  Lavoiti r, 
who  tried  their  fuiibility  in  a  much  higher  heat, 
found  them  perfectly  infufible'  in  every  propor- 
tion ~f,  and  I  found  a  mixture  of  thofe  fubflanees, 
in  the  proportion  mentioned  by  Mr.  Achard,  to 
pafs  through  the  crucible.  The  length  of  time, 
during  which  they  are  expofed  to  heat,  necef- 
farily  renders  them  liable  to  this  accident,  which 
is  avoided  by  the  brifk  and  hidden  mode  of  heat- 
ing them  which  takes  place  in  a  forge.  Yet  it 
muft  be  allowed  that  action  on  the  crucible  can 
only  take  place  where  calx,  or  magnefia,  or  bary- 
tes,  are  employed,  either  alone  or  with  a  fmall 
proportion  of  argill  and  (ilex ;  and  conlequently 
the  fufibility  oblerved  by  Mr.  Achard  in  other 
cafes  is  above  fufpicion. 

In  my  experiments  the  lime  was  formed  of  the 
pureft  Carrara  marble.  The  magnefia, was  Hen- 
ry's calcined,  whofe  purity  I  never  had  caufe  to 
fufpeft.  The  filex  was  pure  tranfparent  cryftal, 
heated  to  rednefs,  quenched  in  diftilled  water, 
and  then  reduced  to  impalpable  powder  in  a  glafs 
niortar,  which  it  did  not  corrode.  The  barytes 
was  the  natural  mild  barytes.  Of  the  calces  of 
iron,  I  employed  two  forts  ;  one  thoroughly  cal- 
cined by  folution  in  the  nitrous  acid,  and  expul- 
fion  of  the  acid  in  a  red  heat ;  the  other  com- 
mon ruft,  from  which  much  of  its  water  and 

*  Mem.  Berl.  1780.  6;. 

t  Mem.  Paris  1703.  59$.  and  599. 
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fixed  air  had  been  expelled  by  heating  it  to  red- 
nefs.  The  heat  was  communicated  in  a  forge, 
and  never  laded  above  three  quarters  of  an  hour, 
and  moft  commonly  but  twenty  or  twenty-five 
minutes.  The  refults  and  the  degree  of  heat 
will  be  feen  n  the  following  tables.  To  eibmate 
the  heat,  I  placed  one  of  Mr.  Wedgewood's  py- 
rometers in  a  crucible  nearly  of  the  fame  fize  as 
that  which  contained  the  fubftances  to  be  tried, 
and  fet  borh  at  an  equal  diftance  from  the  nozzle 
of  the  bellows. 

To  avoid  prolixity,  I  fupprefs  Mr.  Achard's 
experiments  when,  made  on  the  fame  mixtures, 
and  attended  with  the  fame  refults ;  when  they 
are  mentioned,  they  are  marked  [/}. 
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TABLES 

Of  tie  Fufibility  of  the  Simple  Earths  mixed  in 
various  Proportions,  in  Heats  not  exceeding  166° 
cf  Wedgewood. 


CALX  and 

MAGNESIA. 

Heat. 

1°.  Of  Binary  Proportions. 

f  melted,  only  where  in  contact 

50  parts  calx          1 
50  magncfia           J 

I5o° 

j  with  the  crucible,  into  a  grey, 
I  partly  vitrified  and  partly  porce- 
j  lain  mafs.     Per  Lavoifier  alfo 

they  melt  in  no  proportion; 

j^and  alfo  Bergm.  372. 

flr>  ral'V                           1 

SO  C3!X 

20  magnefia           J 

150 

went  through  the  crucible. 

75  calx                  1 
35  magneCa 

160 

went  through  the  crucible. 

66  calx 
33  magnefia 

went  through  the  crucible. 

. 

(did  not  melt  but  where  in  con- 

80  magnefia          "1 
20  calx                  j 

165 

tad  with  the  crucible,  which 
it  flightly  corroded  and  black- 

ened. 

66  magnefia           "1 
37  calx 

138 

did   not    melt   but  \vhere   it 
touched  the  crucible. 

JJ                                                •     J 

30  calx                   "1 
10  magnefla           j 

156 

{melted  into  a  fine  greenifh  yel- 
low glafs,  but  the  crucible  was 
corroded  throughout. 

CALX  and  BARYTES 

{infufible  in  all  proportions  per 
Lavoifier. 

CALX  and  ARGILL. 

88  calx                  ] 

(  infufible  even  by  the  heat  of 

12  argill                 J 

\  pure  air,    Ehrm.  §  208. 

E4 


CALX 
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CALX  and  AKGTLI..  Heaf.j         Of  Binary  Proportion?. 


75  calx 
25  argiil 

66  calx 
33  argiil 


150 


150 


66  argiil 
33  calx 


25  calx 
80  argiil 
20  calx 

50  calx 
50  argiil 


fnot  mtlted,  except  where  ia 
J  contact  with  the  crucible  it 
j  formed  a  compact  porcelain 
[_brownifti  red  mate. 

remained  a  powder. 

Hence  the  contrary  refalts  ob- 
:ained  by  Achard  item  to  proceed 
"rom  the  action  of  the  mixtures 

>n  the  filex  of  the  crucible.  Mr. 
Bergman  aifo  found -calx  and  ar- 
giil infufible  in  ail  proportions. 
4  Berg.  337,  and.Macquer.  Mem. 
Paris,  '758,  356  in  8vo. 

rmfc't  by  pure  air.  Ehrm.  §  aoS, 
-<  infufible,  per  Achard,  Mem. 

[fieri.  1780.65. 

f  melt  by   pure  air,  ibid  ;  infu- 

\  fibie  per  Achard,  ibid. 

J  melt   by  pure  air,  ibid;  infu- 

[  fibie,  Achard,  ibid. 

["infufible,  Achard,  loc.  cit.  and 
j<  formed  only  a  loo(e  powder  in 
1  1  thjs  as  in  the  former  cafes. 


CALX  and  SILEX. 


CO  calx 
50  filex 


^ocaltareouisfpar 
50  quartz 

80  filex 
20  calx 
80  calx 


150 


156 


melted  into  a  mafs  between 
porcelain  and  an  enamel;  white, 
glazed  on  the  furface,  femi- 
tranfparent  at  the  edges,  and 
gave  fire  with  Heel,  though 
feebly.  Yet  Mr.  Achard  found 
them  infufible  in  every  propor- 
tion, perhaps  becaufe  his  ca:x 
was  mild. 

f  melted  by  pure  air,  Lavoifier; 
-\  but  by  continued  heat  becam? 

(Jefs  fufible. 

not  melted,  formed  a  brittle  mafs. 

f  formed  a  yellowiih  white  iooie 
1 1  pou  «l^r. 

BARYTES 


Fufibiliiy. 
Heat.j         Of  Binary  Proportions. 


BARYTES  and        1  j 

f  do  not  melt  in  any  proportion 

MAGNESIA              J  ] 

|  even  by  pure  air. 

BARYTES  and 

ARGILL. 

80  argill 

20  barytes 

150 

fcarcely  hardened. 

75  argill 
25  barvtes 

156 

no  fign  of  fufion,  a  loofe  powder. 

66  argill 
33  barytes 

152 

as  the  foimer. 

50  argill 
qo  barytes 

150 

as  the  former. 

So  barytes              "1 
20  argill                 J 

148 

f  fomewhat  harder,  but  no  fign 
|  of  fufion. 

75  ba'>'tes 
25  argill                  j 

150 

harder,  but  no  fign  of  fufion. 

BARYTEsandSiLEx. 

80  iilex                   | 
20  barytes 

^55 

formed  a  white  brittle  mafs. 

75  filex 

J  a.  brittle  hard  mafs  femitranf- 

20  barvtes 

150 

(  parent  at  the  edges. 

66  filex                   1 

I  melted  into  a  hard  fomewhat 

33  barytes               j 

150 

\  porous  porcelain  mafs. 

50  filex                   T 
50  barytes 

148 

a  hard  mafs  not  melted. 

&o  barytes              | 
ao  filex                   j 

148 

fthe  edges  were  melted  into  a 
<  pale  greenifli  mafs,  between  a 
^porcelain  and  an  enamel. 

75  barytes     :         j 
35  Iilex                    j 

150 

(  melted  into  a  fomewhat  porous 
[  porcelain  mafs. 

66  barytes               j 
77  filex 

150 

f  melted  into   a   yellowifti  and 
*!  partly  greenifli   white  porous 

jj                             J 

'(_  porcelain. 

fthefe  were  not  tried   by  Mr. 

MAGNESIA  and    1 
Argill                     J 

150 

J  Achard  :  in  my  tri  Is  they  had 
•^  no    action   on    each    other,  in 
j  whatever  proportion  they  were 

filled. 

MAGNESIA 


Fujibitity. 

Heat.j        Of  Binary  Proportion*. 


MAGNESIA  and 

SiLEX. 

50  magnefia           1 
50  filex                  J 

"melt  with  great  difficulty  even 
in  the  heat  of  pure  air.  Mem. 
Par.  1787,  p.  $98,  into  awhile 
enamel  ;  but  in  inferior  heats 
<  they  are  intufible  in  all  pro- 
portions by  the  experiments  of 
Achard,  Mem.  Berl.  1780,  33, 
and  Margr.  1778,   4,   and   i 
Bergm.  372. 

ARGILL  and  SILEX. 
50  argill                 1 

50  files 

160 

f  barely  hardened,  but  no  fign 
\  of  fufion. 
Mr.  Lavoifier  found  a  mixture 
of  equal  parts  quartz  and  argill 
vitrifiable  by  pure  air.     But  this 
experiment  is  fufpicious,  as  the 
quartz  he  ufed  was  more  fufible 
than  pure  cryftal,    and    confe- 
quently  impure.     In  a  porcelain 
icat  Mr.  Achard  found  them  in- 
Fufible  in   all  proportions;  and 
Bergm.  337. 

IROK  highly  calcined 
and  CALCAREOUS 
EARTH. 

According  to  Mr.  Achard's  expe- 
riments, they  melt  at  lead  into  a 
porcelain  mafs,  in  every  propor- 
;ion,  not  exceeding  4  parts  of  the 
one  to  i  of  the  other  ;  hut  thofe 
mixtures,  in  which  the  calces  of 
iron  exceed  the  calcareous  earth, 
are  by  far  the  mod  fufible. 

IRON  fully  calcined 
and  MAGNESIA. 
M  f  80  magnefia   "I 
{  so  calx  ir  >n   J 

75  magnefia           "1 
25  calx  of  iron      j 

,  f  66  magnefia  1 
\33calxofironj 

f  infufible,  Achard,  Mem.  Bed. 

1  :779»  S3* 
(remained    a    brownifli    black 
<  powder.   Mr.  Achard  had  the 
(Jame  refult. 

remained  a  brown  mafs. 

50  mag- 
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CALX  of  IRON  and 

MAGNESIA. 

Heat. 

Of  Binary  Proportion. 

..  1  ,o  magnefia    1 
I  ^ocalxof  iron  j 

hardened,  but  did  not  melt. 

A  J  Socalxor  iron  ( 
{  20  magnefia 

f  melted,  and  pafled  through  the 
|  crucible. 

,  1  75  calx  of  iron 
I  21;  magnefia 

lalf  melted. 

*    '  66calxofiron 
5  <  magnefia 

lalf  melted. 

IRON  fully  calcined 

and  BARYTES. 

80  barytes              "\ 
ao  calx  of  iron       J 

>x 

"melted  into  a  partly  brownifh 
and    partly    reddilh    fliining 

7S  barytes             ] 
2  5  calx  of  iron      J 

* 

melted  into  a  black  bright  fo- 
liated   fubftance,     refembling 
horneblende  or  an  iron  ore. 

66  barytes              j 
33  calx  of  iron       j 

75  calx  of  iron       \ 

,5o 

melted  into  a  hard  black  com- 
pact mafs,  partly  of  a  metallic 
_  and  pa  -tlyof  a  glafly  appearance, 
"melted  into  a  compact  metallic 

23  barytes              J 

150 

ilagg. 

'melted  into  a  brownifh  black 

flagg,  rather  compaft;   much 

66  calx  of  iron      1 
33  barytes              J 

150 

of  the  barytes  feemed  to  have 
•I  fublimed,    as   the  cover    and 
upper    part    of    the    crucible 

received   a  beautiful  metallic 

white  glaze 

IRON  tuily  cacined 

and  ARGILL. 

80  argiil                 1 
zv  calx  of  iron       j 

1  60 

[  remained  a  powder.  Mr.  Achard 
j  had  the  fame  refult. 

75  argil  1                 1 
75  calx  of  iron      J 

1  60 

'  remained  a  powder.  Mr,  Achard 
found  it   iornewhat  more  in- 
clined to  melt. 

66  argill                 | 
33  calx  of  iron       j 

166 

a  pale  reddifh  powder.     Mr, 
Achard  found  it  more  inclined 
to  melt. 

i;o  argill                 "1 
50  calx  of  iron      J 

1  60 

a  yellovvi(h-red  powder.     Mr. 
Achard  found  it  more  inclined 
_to  meh,  and  greyifh  black. 

80  calx 

Fujibitiiy. 


Is  OK  fully  calcined 
and  ARGILL. 

Heat 

Of  Binary  Proportions. 

"melted  into  an  opake  porous 

80  calx  of  iron       1 
20  argill                  j 

1  60 

black  flagg.     Mr.  Achard  alfo 
-  found   a    black    porous   mafs 
which    pierced    through    the 

crucible. 

75  calx  of  iron      "1 
2$  argill                 J 

'this  experiment  failed  with  me. 
-i   Mr.   Achard   found  a   porous 
l_melted  mafs. 

f  this  alfo  failed  with  me.     Mr. 

66  calx  of  iron      "1 

J  Achard  found  a  porous  melted 

33  argill                 J 

J  mafs  ;    but  the  crucible  was 

(^much  corroded. 

IRON  fully  calcined 

end  SILEX, 

A  f  80  filex           1 

ffeemingly  melted,   black   and 
J  friable  ;   yet   I  believe  it  wa§ 

\  20  calx  of  iron  J 

j  not  melted,  otherwife  the  next 

{_  mixtures  muft  have  been  fo. 

l  2  5  calx  of  iron  j 

not  melted,  black  and  friable. 

A  j  66  filex 
\33calxofiron  j 

not  melted,  black  and  friable. 

A  f  50  filex           1 

fl- 

\  50  calx  of  iron  j 

"a£g- 

..  f  Socalxofironl 
\  20  filex           / 

melted  into  a  porous  flagg  that 
pierced  the  crucible. 

A  f  7  5  calx  of  iron  \ 

melted,  and  pierced   through 

2  C  illCX 

the  crucible. 

melted,    and  pierced  through 

*  f  66  calx  of  iron! 
A\  35  fi^x          j 

the  crucible.     Hence  we  ice 
that  the  compounds  of  filex 
and  calx  of  iron,  in  which  the 

iron  exceeds,  aft  on  argill. 

Ruft  of  IRON  and 

LIME. 

90  lime                  ~l 
10  ruft 

125 

f  a  broad  hard  mafs,  begaa  to 
[  aft  on  the  crucible. 

80  lime                    1 

12  ' 

a  hard  brown  mafs. 

ZQ  ruft                   J 

l^C 

i  liver-brown  porcelain  mafs. 

Ruft 
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Heat. 

Of  Binary  Proportions. 

Ruft  of  IRON  and 

Argill. 

50  argill 
5oruit                    J 

,* 

J  formed  a  greenifti  black  loofe 
|_  powder. 

Ruft  of  IRON  and 

SILEX. 

90  filex                   "1 
jo  ruft                    J 

150 

f  a  yellowifh  brown  indurated 
|  brittle  mafs. 

So  filex 

1  not  melted,  but  formed  a  brown 

2*0  rult                    J 

125 

j  hard  mais. 

75  filex                   "1 
a?  ruft                    J 

I50 

a  brown  hardened  powder. 

66  fiiex                   1 

j  a   bhcfcifh    brown    indurated 

33  ™ft                    J 

150 

I  powder. 

ARGILL  and  ME- 

TALLIC IRON. 

f  melted  into    a    hard    greyifh 

50  argill                 T 
50  metallic  iron     J 

I  60 

1  blflcfc  niuis  •   but  otlicr  propoi'-- 
J  tions.  in  which  the  argill  ex- 
j  ceeded,  I  found  infufiblc   at 

.wfc 

•$;>,!&  i 

L-6.. 

Ternary  Proportions,  the  firft  in  greateft  quantity. 
Calx,  Magnefia,  and  Atgilh 

porous  porcelain  njafs. 
,7..~.  .z '.  -.'~',  men ~c  ^ 
powder. 

powder. 


3  parts  calx~j 

A 

c 

3  argill 
r  i  magnefia 

'3  calx 

A 

2  argill 

i  magnefia  ^ 

3  caix 

A 

i  argill 
i  magnefia 

3  calx 

A 

3  argill 

2  tnagaefla 

fomewhat  porous  porcelain. 


3  calx 


\Z   llldgl] 
i  argill 


Fufibility. 


3  calx          "\ 

2  argill         >  powder. 

2  magnefia  J 
"3  calx 

3  magnefia   }-powder. 

2  argill         j 

3  calx 

2  magnefia    ?•  vitrified. 


Calx, 


No  compound,  in  which  the  Magnefia  exceeds  the  other 
two  ingredients,  is  fufible. 


Argill)  Calx,  and  Magnefia. 

f  3  argili 
^f  <  2  calx 
(_  i  magnefia 

a  porcelain. 

(  3  argill 
A  •<  2  magnefia 
1  i  calx 

a  porcelain. 

3  argill 

3  magnefia 

porous  porcelain. 

i  calx 

'3  argill 

" 

3  magnefia 

•porous  porcelain. 

2  calx 

'3  argill 

A 

2  calx 

•porcelain. 

2  magnefia 

3  cat* 


A  + 

"3  calx         1 
3  filex           \ 

A- 

i  magnefia  J 
'3  calx           1 
i  filex 

ti  magnefia 

'3  calx 

A* 

2  filex 

i  magnefia 

"3  calx 

A  + 

3  filex 

p2  magnefia 

3  calx 

A  4 

2  magnefia 

i  filex 

("3  calx 

A  \  2  magnefia 

I  2  filex       t 

(3  calx 

A  \  i  magnefia 
(  i  filex 
f  3  calx 

A 

3  magnefia 

2  filex 

2  calx 

A 

2  magnefia 

i  filex 

'i  calx 

A 

i  magnefia 

i  filex 

-; 

'2  calx 

A 

2  filex 

: 

i  magnefia 

2  calx 

A 

i  filex 

i  magnefia 

Calx>  Magnefia>  and  Silex. 
powder, 
green  glafs. 
green  glaft. 
•porcelain  or  enamel, 
porous  enamel, 
porcelain. 

between  a  porcelain  and  an  enamel. 
an  enamel,  texture  ftriated, 
powder, 
greenifh  glafs. 
opalefcent  glafs. 
greenifh  glafs. 


Magnefia,  Calx,  and  Silfx. 

No  Compound,  in  which  the  Magnefia  predominates, 
melts ;  but,  when  it  barely  equals  cither,  it  may  form  a 
Porcelain. 


Silae,  Calx,  and  Magnt 

'3  filex 

i  calx 

powder. 

i  magnefia 

*3  filex 

A 

icalx 

porous  porcelain. 

i  rrngnefia 

'3  filex 

A* 

2  magnefia 

-powder. 

i  calx 

'  3  filex 

2  calx 

•powder- 

j  magnefia 

"  3  filex 

A- 

3  magnefia 

powder. 

i  calx 

"3  filex 

3  magnefia 

harder  powder. 

2  calx 

'2  filex 

A  * 

i  calx 

-enamel. 

i  magnefia 

'2  filex 

A* 

La  magnefia 
i  calx 

hard  powder. 

FufiblRty. 


)  Argill,  and  Silex. 


i.  No  compounds,  in  which  magnefia  predominates,  will 
vitrify  or  form  a  porcelain. 

3.  A  compound,  in  which  it  equals  each  of  the  other  two, 
will  not  form  even  a  porcelain.  Per  Achard. 


Argill,  Magnefia^  and  Siltx* 

"3  argill 

A 

3  filex 

-porcelain. 

i  magnefia 

3  aivill 

A 

i  filex 

-powder. 

ri  magnefia 

'3  argill 

A 

2  filex 

-hardened  only. 

i  magnefia 
'3  argill 

A 

3  filex 

-porcelain. 

2  magnefia 

3  argill 

A 

2  magnefia 

lardened  only. 

_  i  filex 

3  argill 

A- 

2  filex 
2  magnefia 

jorous  porcelain. 

3  argill 

A- 

3  magnefia 

jowder. 

i  filex 

3  argill 

A- 

3  magnefia 

jorcelain. 

2  fi'ex 

2  argill 

A- 

2  magnefia 

lardened  only* 

i  filex 

F                                        Site 
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Silex,  Magnefia,  and  Argill. 

3  filex          ~\ 

A      i  argill          Vflightly  porcelain. 

i  magnefia 

3  filex 

A     2  argill 

-hardened  only. 

i  magnefia 

'" 

'3  filex 

A  •   2  magnefia 

-greenifli  glafs. 

i  argill        J 

{*  filex            f  hardened  only:  yet,  quere;  for,  af- 
l       MI         J  terwards,  he  allows  it  to  have,  melted 
2  mfgnefia   1  to  a  P°rcelain-    See  Berl.  Mem.  1780, 
PP-  3*.  39- 

[  3  filex 

•d  "(  3  magnefia 

•porcelain. 

1  i  argill 

f  2  filex 

A  -   2  argill 

•nearly  porcelain. 

i  magnefia 

'2  filex 

^  -   i  argill 

•porcelain. 

i  magnefia 

Cal*t  Argill>  and  Silex. 


•3  calx 

3  argill 

•green  glafs. 

i  filex 

'3  calx 

i  argill 

•green  glafs. 

1  1  filex 

'3  calx 

2  argill 

•friable  mafs. 

i  filex 

-3  calx 
«  3  arg'1 

(_2  filtX 

•porous  enamel. 

3  calx 
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3  calx 

A- 

2  filex 

•  green  ifij  glafs. 

I  argill 

3  calx 

A- 

2  argill 

between  a  porcelain  and  an  enamel. 

2  filex 

jealx 

A- 

3  filex 

;reeni(h  glafs. 

i  argill 

3  calx 

A- 

3  filex 

•  greenifti  glafs,  nearly  white. 

2  argill 

2  calx 

A- 

2  argill 

•hardened  only. 

i  iilex 

'z  calx 

A  • 

i  argill 

greenifh  porcelain. 

i  filex 

'2  calx 

A- 

2  filex 

•greenifti  porcelain. 

.  i  argill 

Argill,  Calx,  and  Sikx, 

'  3  argill        "* 

A 

i  calx 

•  very  hard  only. 

i  filex 

'  3  argill 

A 

2  calx 

-friable  mafi. 

.  i  filex 

3  argill 

A 

a  filex 

-  porous  porcelain. 

ri  calx           J 

3  argill 

A 

2  calx           Kemitranfparent,  half  vitrified. 

2  filex          J 

4 

3  argill 
3  filex          J-redcfifli  porcelain.- 

ical* 

F  *                                  3  an 
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3  argill 

•\ 

A 

3  filex 

Vyellow,  and  femitranfparent. 

2  calx 

J                                              £stE  I  I 

'  2  argill 

j 

A  • 

i  filex 

>  friable  mafs. 

i  calx 

J 

'2  argill 

"j 

A 

2  filex 

f  greenifh  porcelain. 

i  calx 

J 

5/7^, 


)  and  Ca/v. 


A      i 

71  filex 
24  argill 
5  calx 
63  filex 

32  argill 
c  calx 
67  filex 

33  argill 
10  calx 
60  filex 
30  argill 
10  calx 
ej  filex 
38  argill 
5  calx 
54  filex 
36  argill 
Id  calx 


-greenifli  white  glafs. 
r,-{ 


filex 

calx 

argUl 

filex 

argill          ^-yellow  enamel. 

calx 

filex 

argill          ^greenifti  porcelain. 

calx 

at  145°  it  barely  hardened. 

at  153  it  formed  a  porous  porcelain,   gbzed 

only  at  the  furface. 

at  145  barely  hardened. 

at  153  a  loiuewhat  porous  porcelain. 

at  145  melted  into  a  porous -fro  i  by  enamel,  fe- 
mitraafparent. 

at  135  formed  a  frothy  femitranfparent  enamel. 


-at  135  formed  a  porous  porcelain. 

•at  135  a  frothy  femitranfpareut  enamel. 


Mijccllancovt 
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Mifcellaneous  Experiments. 


40  argill 
25  filex 

20  aerated  calx 

1,3  highly  calcined  iron 

4.6  argill 

39  filex 

8  aerated  ca'x 

6  highly  calcined  iron 

41  argill 
74  filex 

20  ruft  of  iron 


46,66  filex 
48,5  niagnefia 
rult  of  iron 


43  filex 

22  magnefia 

34  ru  ft  of  iron 

67  filex 
14  argill 
1 1  barytes 
8  magnefia 
65  filex 
32  argill 
2  calx  of  iron 
43  filex 

37  ar8il1 
1,7  calx 
4  calx  of  iron 


barely  coalefced  at  144-°  ip.to  a 
grey  rriafs,  glazed  on  the  furface. 
Same  mixture,  with  the  fubftitution 
of  13  calx  of  iron,  inftead  of  1,3, 
which  is  the  hyacinth  of  Bergman, 
melted  at  144*  into  a  reddith 
porous  flagg. 

|  Saxon  topaz  of  Bergman,  melted 
i-at  144  into  a  greyifli  {lightly  po- 
j  rous  porcelain  mafs. 

{Jhvrl  of  Wiegleb  melted  at  148 
|  into  a  porous  black  flagg,  with  a 
J  flrong  metallic  appearance. 
|  I)*,  with  highly  calcined  ir»nt 
'  formed  a  greenifh  black  porous 
u"^&>  ill  me.  ted. 

ajlejlos  of  Wiegleb,  a  reddifli  yel- 

low, fomewhat  indurated,  powder, 

except  where  it  touched  the  cru- 

cible, which  it  corroded  at  148. 

fthe   aftinolite,    or   Strahl  ficin,   of 

I  Wiegleb,   melted    inco  a  greyifh 

^  black,  fomewhat  porous  and  fi- 

brous, mais,  perfectly  opake,  at 


\felfiar,  by  my  analyfis,  melted  at 
\  148  into  a  white  porous  enamel. 

\felfp*r  of  Wiegleb  refufed  to  melt 
even  at  158,  and  barely  hardened. 

felfpar  of  Sauflure  refufed  to  melt 
•at  140,  formed  a  hard  porous 
mafs. 


F  3 


37  (ilex 


jo  fufibHlty. 


37  fil« 

2i  argill 
j  6  magnefia 
»3  ruft  of  iron 
3  calx 
41  filex 
1 6  calx 


,  by  my  analvfis,  melted 
into  a  black  compact  glais  at  156*, 


hornblende  of  V,"iegleb  melted  at 

0 I"  1 37°  into  a  greenifh  black  glafs. 

caix  of  iron 


Corollaries. 

Hence  it  follows,  i,  that  all  binary  combina- 
tions of  the  five  earths  are  infufible,  and  in  every 
proportion,  under  166°,  except  two:  id,  Calx 
and  .'»/V<?jf,  in  t  yjal  parrs,  and  in  a  heat  not  under 
150°,  and  in  that  only  into  an  enamel;  and,  2dly, 
filec  and  barytes  :  Thefe  appear  to  aft  on  each 
other  in  a  heat  not  below  150°,  where  the  filex  is 
to  the  barytes  in  the  proportion  of  3  to  i,  or  2, 
to  i,  or  the  barytes  to  the  filex  in  the  proportion 
of  4  to  ;,  or  2  to  i,  but  fcdicely  when  they  were 
in  equal  quantities. 

2  With  refpedt  to  calces  of  iron  and  the  5 
fimple  earths,  we  may  obferve,  firft,  that  where 
the  linK  exceeds  the  ca^x  of  iron  even  in  the  pro- 
portion of  9  to  i,  it  is  fo  far  affefted  by  it  as  to 
be  converted  into  a  porcelain  in  a  heat  of  50% 
and  men  begins  to  aft  on  the  argiil  or  filex  of  the 
crucible.  When  the  lime  is  in  the  proportion  of  4 
to  3,  or  2  to  i,  the  compound  is  yet  more 
fufible,  but  dill  only  into  a  porcelain  :  yet  Mr. 
Achard  found  it  to  cryftallize,  which  argues  a 
farther  degree  of  fufion. 

But  if  the  calces  of  iron  exceed  the  lime  in 
the  proportion  of  4  to  3,  or  2  to  i,  the  com- 
pounds are  ilill  more  fufible,  and  pals  through 

the 


Fufibility.  71 

the  crucible,  which  {hews  they  have  a  ftrong  ac- 
tion on  the  argill  or  filex,  or  both. 

idly.  With  regard  to  barytes  and  calces  of 
irony  I  found  them  to  a&  on  each  other  much 
more  powerfully  than  lime  and  calces  of  iron  :  at 
150°,  they  melt  in  every  proportion  from  4  to  i 
of  either.  Other  proportions  have  not  been  tried. 

3dly.  As  to  magnefia  and  calces  of  iron,  Mr. 
Achard  found  that,  where  the  magnefia  exceeds 
the  calx  of  iron,  they  have  no  aftion  on  each 
other,  at  leaft  at  150°,  nor  even  when  they  are  in 
equal  quantities :  but,  when  the  calces  of  iron 
exceed  the  magnefia  as  4  to  i,  they  melt  per- 
fe&ly ;  when  only  as  3  to  i,  they  melt  lefs  per- 
fectly; and  when  as  z  to  i,  ftill  lefs  perfectly. 

4thly.  With  refpect  to  argill  and  calces  of  iron, 
in  my  own  experiments,  when  the  argill  exceeded 
the  calces  of  iron,  I  obferved  no  tendency  to  fu- 
fion  even  in  heats  from  i6op  to  166°,  nor  even 
when  they  were  in  equal  proportions ;  but,  when 
the  calces  of  iron  exceeded  the  argill  in  the 
proportion  of  4  to  3,  or  2  to  i,  the  compound 
was  fufible  apparently  in  the  fame  proportion, 
that  is,  moil  when  4  to  i,  &c. ;  when  I  ufed 
ruft,  i.  e.  femicalcined  iron,  the  compound  was 
greenilh.  The  heats  from  156°  to  160°. 

5thly.  As  tojilex  and  calces  of  iron,  it  appears, 
that  they  are  infufible  when  the  filex  exceeds ; 
but  if  the  calces  exceed,  the  compound  will  be 
fufible. 


Of 


JZ  Fufibility. 

Of  "Ternary  Combinations. 

Calx,  Magnefia,  and  Argil!,  at  150*. 

1.  No  compound  of  thefe,  in  which  magnefia 

Eredominates,  will  melt  in  any  degree  in  a  heat 
elow  166°. 

2.  No  compound  of  thefe,  in  which  calx  pre- 
dominates, will  vitrify,  except  they  lie  in  the  pro- 
portion of  3  calx,  2  magnefia,  and  i  argill.    Pro- 
portions approaching  to  this  may  give  porcelains 
or  enamels. 

g.  Proportions,  in  which  the  argill  equals  ei- 
ther, and  exceeds  the  other  as  3  to  i,  may  form 
porceUins  at  150°^ 

Calx,  Magnefia,  and  Si  lex,  at  150". 

1.  If  the  calx  exceeds,  thefe  may  afford  feveral 
fuiible  compounds. 

2.  If  the  magnefia  exceeds,  they  will  afford  no 
fufible  compound. 

3.  If  the  filex  exceeds,  they  afford  few  fufiulc 
compounds. 

digill,  Miigncjia,  and  Silex9  at  150°. 

1.  If  the  argill  exceed6,  nothing  more  than  a 
porcelain  can- be  produced. 

2.  If  the  magnefia  exceeds,  not  even  an  im- 

fufion  can  be  had. 

3- H 
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3.  If  the  filex  exceeds,  a  porcelain  may  be 
produced  in  feveral  instances,  and  a  giafs  in  one, 
namely,  when  they  are  in  the  proportion  of  3 
filex,  2  magnefia,  and  i  argill. 

Argill,  Calx,  and  Si  lex. 

1.  If  the  calx  exceeds,  either  a  glafs,  a  porce- 
lain, or  an  infufibie  mafs,  may  arife,  according  to 
the  proportion. 

2.  If  the  argili  exceeds,  a   porcelain  may  in 
many  cafes  be  obtained,  but  not  a  glafs. 

3.  But  if  the  tilex  exceed*,  a  porcelain  or  ena- 
mel   is   frequently   obrainable,    probably   alfo  a 
glais,  for  the  heats  i  tried  were  not  very  high. 

Of  Calces  of  Iron. 

Compounds,  that  owe  their  fufibility  to  calce-s 
of  iron,  have  always  the  appearance  of  a  flagg. 


SEC- 
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SECTION    VI. 


Calcareous  Genus* 

Under  this  head  I  comprehend  all  thofe  earths 
and  ftones,  apparently  homogeneous,  in  which 
calcareous  earth  predominates. 


ijl  Species. 


Native  Lime. 

Whether  this  really  exifts  has  been  much  quef- 
tioned ;  its  exiftence,  however,  is  not  naturally 
improbable,  fince  feveral  ftones  contain  uncom- 
bined  calx,  as  appears  by  various  analyfes  •,  and 
that  lime  once  formed  may  remain  a  long  time 
uncombined,  even  though  expofed  to  the  atmo- 
fphere,  is  evident  from  common  experience.  I 
have  found  lime  in  lime  kilns,  of  which  a  great 
part  remained  unfaturated  four  years  after  it  was 
burned ;  but  feveral  refpectable  teftimonies  efta- 
blifh  its  real  exiftence.  Dr.  Woodward  tells  us, 
that  a  whitim  gritty  earth,  found  at  Clipfton  ftone 
pit  in  Northamptonshire,  was  found  by  Dr.  More- 
ton  to  contain  lime,  and  make  a  cement,  by 
barely  mixing  it  with  water.  Dr.  Falconer  of 
Bath,  a  man  of  unquestionable  {kill  ai,d  judge- 
ment in  matters  of  this  nature,  informs  us,  that 

3  he 


ASrated  Calx.  75 

he  obferved  a  foft  whitifli  ftone  in  the  neighbour- 
hood of  that  town,  containing  a  quantity  of  un- 
combined  calcareous  earth,  and  capable  of  dif- 
folving  fulphur.  According  to  Mr.  Monnet,  it  is 
found  in  great  quantity  on  the  mountains  of  Up- 
per Auvergne  rhat  form  the  valley  of  Vic ;  it  is 
there  of  a  yellowiih  colour,  being  mixed  with 
calx  of  iron.  He  thinks  it  of  volcanic  origin  *  ; 
it  is  eafily  ilifcovered  by  the  tafte,  or  folution  in 
water  ano  precipitation  by  the  folution  of  corro- 
five  fublimate  in  the  form  of  a  reddifh  powder. 

ind  Species. 

Combined  with  fixed  air,  aerated  or  mild  calx. 
Carbonate  de  Chaux. 

This  fpecies  prefents  fuch  varieties  both  in  co- 
lour, torn,  texture,  and  other  external  characters, 
and  is  liable  to  fuch  numerous  and  important 
contaminations  from  other  fubftances,  that  it  is 
exceeding  difficult.,  if  not  impoffible,  to  eftablifh 
fuch  lines  of  feparation  between  the  different  dif- 
tinclions  that  precifion  requires,  as  (hall  not  in 
fome  inilances  be  confounded,  and  include  thofe 
that  were  meant  to  be  excluded.  The  diftinc- 
tions  I  introduce  are  therefore  not  always  abfo- 
lutely  exact,  but  thofe  that  upon  the  whole  ap- 
pear to  me  the  cleareft  and  moft  important. 

All  the  fubftances  included  under  this  head 
effervefce  with  acids,  and  do  not  include  above 
12  or  15  per  cent,  of  foreign  combinations. 

*  Woodward's  Catal.  7.  i  Falconer  pn  Bath  Waters, 
Jj.6,  2$7>  Monnet,  Mineralog.  5:5. 

I  ft  Clafs. 
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iftClafs. 
Mild  calx  in  a  loofe  or  femi-indurated  form. 

i  ft  Family. 

Agaric  mineral,  bergmilch  or  bergmehl  of 
the  Germans. 

i  ft  variety.  Dufty ;  bergmilch  of  Werner: 
its  colour  is  white  red,  or  yellow  formed  of  com- 
pacted particles,  but  exceeding  friable,  and  hence 
dufty  :  feels  dry,  does  not  adhere  to  the  tongue, 
and  fo  light  as  nearly  to  float  on  water  :  gives  no 
glofs  to  the  lldn. 

2d  variety.  Somewhat  untluous  ;  white,  formed 
of  fcaly  particles,  adheres  to  the  tongue,  very 
friable,  feels'  fomewhat  grcafy,  and  gives  a  glofs 
to  the  {kin  when  rubbed  on  it,  fails  to  duft  in 
water,  entirely  foluble  in  nitrous  acid,  almoft 
floats  on  water.  Lazius  Hartz,  2zH. 

Both  thefe  varieties  are  found  in  the  clefts  of 
rocks,  or  at  the  bottom  of  foaie  lakes. 

3d  variety.  Silvery  chalk.  Of  this  I  find 
fume,  but  an  imperftdt,  account  in  CrtH's  An- 
nals for  1790.  'Its  colour  is  filvery  white,  and 
in  its  ttructure  it  refembles  mica  ;  it  feels  loft  and 
fomewhat  undupus  like  talc,  it  is  almoft  entirely 
foluble  in  nitrous  acid,  and  the  folution  lias  all 
the  properties  of  a  folurion  of  calcareous  earth  ; 
it  fcarcely  differs,  as  it  feems,  ironithe  foregoing. 

2nd  Family. 
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2nd  Family. 

Chalk. 

White,  or  yellowifti  whire. 

Luftre  o. 

Tranfparency  0. 

Fracture  earthy. 

Fragments  o.  nwV 

Hardnefs  3,4.  ; 

Spec.  grav.  of  a  fpecimen  that  did  not  moulder 
in  water  in  24  hours  2.315.  Dr.  Watfon  found 
that  of  coarie  hard  chalk  2,657. 

Adheres  flighdy  to  the  tongue. 

Feels  dry,  and  fomewhat  rough. 

Stains  the  ringers  and  marks. 

It  flowly  falls  to  pieces  in  water,  and  thence 
into  powder,  but  feme  moulder  very  readily. 

I  found  common  chalk  to  lofe  3  per  cent,  of 
of  its  weight  in  a  heat  of  500  Fahr.  and  by  folu- 
tion  in  acids  0,4.2  ;  the  refiduum,  which  is  chiefly 
arg'lliceous,  dried  in  the  fame  heat,  weighed 
about  2,  fometimes  3  per  cent.  100  parts  chalk. 
therefore  contain  about  ,95  of  mild  calx,  2  of 
argil),  and  3  of  water;  or  53  mere  calcareous 
earth,  42  of  fixtd  air,  2  of  argill,  and  3  of 
water. 

Chalk  in  general  is  infufible  even  by  the  heat 
of  pure  air;  but  that  of  Boulogne  (frequently 
mentioned  by  French  writers)  is  fufible,  Ehrm. 
§  209  ;  therefore  not  fo  pure  as  that  found  in 
other  places. 

Mr.  Kinman,  Kift.  Ferri.  §  201,  mentions  a 
blue  chalk  found  in  the,  neighbourhood  of  Upfal ; 
k  contains  iron. 

According 
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According  to  Mr.  Lavoifier*,  100  parts  chalk 
contain  52,603  of  pure  lime,  31,949  of  fixed  air, 
and  15,402  of  water  •,  but  this  large  proportion 
of  water  is  barely  inferred  from  the  quantity  ab- 
forbed  and  retained  by  quick  lime  in  a  heat  of 
600°  Fahr.  and  which  he  fuppofes  muft  alfo  be 
contained  in  chalk,  a  fuppofition  that  feems  to 
me  inadmiffible,  as  lime  certainly  has  a  ilronger 
affinity  to  water,  and  retains  more  of  it  than 
aerated  calx  has,  or  can  retain.  Befides,  by  his 
own  firft  experiment,  1404  grains  of  chalk  lofe 
by  folution  in  nitrous  acid  576  grains,  that  is,  at 
the  rate  of  41.025  per  ct.  which  is  farther  con- 
firmed by  the  quantity  of  air  given  out  in  that 
experiment,  viz.  boo  French  cubic  inches  in  the 
temperature  of  between  16°  or  17°  of  Reaumur, 
barometer  at  28  French  inches  nearly.  Now  by 
his  own  rules  of  reduction,  800  cubic  inches,  at 
the  temperature  of  16*,  5  Reaumur,  would  make 
but  775,24  cubic  inches  at  10°  of  Reaumur,  and 
thefe  would  weigh  by  his  rule  of  eftimation  552, 
88  grains,  which  amounts  to  39347  per  ct. 


$d  Family. 

Arenaceous  limeftone.    Garni. 

This  is  fo  called  from  its  brittlenefs,  and  not 
from  its  containing  fand. 

The  colour  of  the  fpecimens  I  have  feen  was 
yellowifh  white. 

Lultre  i,  from  a  few  Ihining  particles. 

Tranfparency  i. 

*  i  Lavoifier,  201. 

In 
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In  the  lump  it  cannot  be  broken  but  by  a 
hammer,  but  fmall  pieces  of  it  fritter  between 
the  fingers. 

Its  fpecific  gravity  4,742.  It  phofphorefces 
when  fcraped  with  a  knife  in  the  dark,  but  not 
by  laying  on  a  hot  iron. 

It  contains  47  per  ct.  of  fixed  air,  and  is  almoft 
intirely  foluble  in  nitrous  acid.  It  was  found  on 
the  fhores  of  Rhaghery,  a  fmall  ifland  of  the 
coaft  of  Antrim,  by  my  ingenious  friend  Dr.  Ha- 
milton; its  name  in  the  Irifh  language  purports 
limeftone  in  the  form  of  fand.  Another  fpeci- 
men,  exactly  refembling  it,  was  found  at  Codrilia, 
on  the  Weft  fide  of  Vefuvius,  and  prefented  to 
me  by  that  very  accurate  obferver  the  Rev.  Mr. 
Gray  don.  It  has  alto  been  discovered  on  the 
fummit  of  Mount  Gothard  in  Swiflerland :  this 
laft  phofphorefces  when  laid  on  burning  coals, 
yet  contains  no  acid  but  fixed  air.  2  Chy.  Ann. 
1790,  132. 

I  have  met  with  another  fpecimen  of  this  (lone, 
which  exactly  refembles  that  which  I  have  de- 
fcribed,  except  that  its  fpecific  gravity  is  but 
2,691,  and  that  it  has  not  the  phofphorefcing 
quality.  It  contains  but  42  per  ct.  of  fixed  air. 
Does  not  the  phofphorefcing  property,  therefore, 
originate  from  the  large  proportion  of  this  air  ? 


4th  Family. 


Ttjlaceous  Tufa.    See  Lefts,  §  527,  562,  571. 

i ft  variety.  White  or  yellowifli  white,  exceed- 
ing porous  and  brittle,  formed  of  various  broken 

tolls 
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Ihells  compacted  together,  found  in  the  neigh- 
bourhood of  Syracuie,  Palermo,  and  the  pro- 
montory of  Pafforo  in  Sicily.  Borch  Litbologie 
des  SiciKenst  287. 

2d  variety.  Marly  Tufa.  This  is  alfo  yellow- 
ifh  white,  refemt>Iing  mortar,  and  frequently 
contains  fmall  fhells,  deflitute  of  luftre  and  tranf- 
parency,  and  very  porous ;  its  fracture  earthy, 
its  hardnefs  from  6  to  8.  See  the  fpecimen, 
§  571. 

3d  variety.  StalaRitic  Tufa.  This  confifls  of 
whitilh  grey  fillulous  concretions  varioufly  rami- 
fied or  compacted  together,  or  of  browniflj  grey 
concretions  refembling  mofs ;  both  exceeding 
light  and  brittle,  devoid  of  luftre  and  tranfpa- 
rency  ;  their  fradure  eafthy  hardnefs,  from  6  to  7. 


Second  Clafs. 


INDURATE p. 

ift  Family. 

Compaft  Limejlone. 

This  term  is  here  taken  In  a  technical  fenfe  to 
exprefs  a  particular  frsfture  already  explained. 

Its  colour  is  ufually  grey,  blended  with  va- 
rious (hades  of  other  colours,  as  dark  or  light 
grey,  l3luim  grey,  yellowifh  grey,  pearl  grev, 
blackifh  grey,  lefs  commonly  greyim  Whire,  Ifa- 
bella  yellow  or  ochre  yellpw,  or  flelh  or  brownifh 
red,  or  greenim  grey,  or  greyilh  black;  often 

with 
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vvith  many  of  thefe  colours  together  in  blotches, 
Veins,  ftripes,  or  fpecks. 

It  frequently  abounds  with  impreffions  or  pe- 
trifadions  of  mu'fcles,  mails,  corals,  pe&inites, 
grvphites,  rnytulires,  &c. 

Its  luftre  o,  or  bareK  i,  from  a  few  (hining 
particles;  its  tranfparency  o,  rarely  2.  its  frac- 
ture compact,  moft  commonlv  fplintery,  coarfe 
or  flric^  rarely  paffing  to  the  conchoidal ;  fome- 
times  uneven,  fometimes  earthy,  rarely  flaty. 

Its  fragments  2. 

Its  hardnefs  from  5  to  8,  rarely  9  *,  except 
mixed  with  quartz. 

Its  fpec.  grav.  1^864  (before  abforption  of 
water)  to  2,72.  Thofe  that  have  their  fpec.  gr.. 
below  2,4  are  exceeding  porous. 

Effervefces  with  acids,  and  thus  lofes  from 
0,38  to  0,42  of  its  weight. 

Burns  to  lime.  Dr.  Higgins  has  remarked 
that  limeftones  kept  ever  fo  long  in  a  red  heat  lofe 
only  4  of  their  weight ;  in  a  heat  that  melts  cop- 
per they  lofe  about  \ ;  and  in  a  heat  that  melts 
caft  iron,  that  is.  from  120°  to  130°  Wedgwood, 
they  lofe  as  much  as  they  can  lofe,  that  is,  from 
38  to  44  per  ct. 

All  theie  flones  contain  fome  flight  contami- 
nation from  other  flones,  argill,  or  iron,  amounting 
at  moft  to  about  10  or  12. per  ct. ;  if  more  than 
15  the-  limeftone  is  fo  notably  degraded  as  fcarcely 
to  afford  lime,  and  mould  then  be  excluded  from 
the  fpecies  we  here  confider ;  thefe  contamina- 

*  Mr.  Anderfon.  in  a  valuable  traft  on  limeftones,  men- 
tions iome  found  in  Sunderland,  which  in  external  appear- 
ance reieroble  Hints,  and  give  fire  with  iteel,  yet  burn  to 
lime  as  pure  as  that  of  chalk.  Eflays  on  Agriculture,  vol.  II. 
p.  1 88. 
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ticns  are  rarely  lefs  than  2  or  3  per  ct.  The 
carbonaceous  principle  fhould  alfo  be  reckoned 
among  them ;  for,  as  Dr.  Higgins  obferves, 
limeftones,  calcined  in  veflels  that  do  not  allow  a 
free  communication  with  the  air,  afford  a  grey 
lime  from  fome  mixture  of  the  coaly  principle 
that  remains  unconfumed.  Hence  alfo  limeftones 
lofe  lefs  of  their  weight  when  ditlilled  in  a  retort 
than  when  burned  in  an  open  fire. 

Variety  i.  Thofe  of  fptintery  fraflure.  Their 
colour  is  generally  grey,  bluim  grey,  or  greyiih 
blue ;  their  hardnefs  from  7  to  8,  and  their  fpec. 
grav.  from  2,6  to  2,72. 

Of  this  fort  is  the  greyifh  blue  Hmeftone  of 
Dublin;  it  is  perfectly  opake;  its  fpec.  grav. 
2,708  ;  it  does  not  imbibe  water,  at  leaft  in  24 
hours;  it  contains  0,41  of  fixed  air,  and  0,03  of 
a  mixture  of  blue  argill  and  iron ;  it  gives  an 
earthy  fmell  when  breathed  on. 

The  limeftone  of  Paris  contains  8  per  ct.  of 
argill,  quartz,  and  iron.  Dijonval,  142. 

Variety  2.  Thofe  of  c one hcldal  frafture .  Thefe 
are  generally  Ifabella  yellow,  or  dark  blackim 
grey,  or  yellowifh  or  reddifh  brown.  Moft  of 
thofe  I  have  feen  are,  however,  fo  mixed  with 
argill  as  rather  to  pafs  for  marlytes  ;  but,  if  the 
frafture  be  uneven  and  imperfecliy  conchoidal, 
they  are  purer  from  argill :  the  colour  of  thefe  is 
bluilh  or  greyiih  blue  black;  of  this  fort  is  the 
Specimen,  Leike,  O.  1232;  fee  alfo  N.  1212 
and  1220. 

Variety  3.  Of  an  earthy  frafture.  Their  co- 
lour is  generally  white  or  light  grey,  or  greyiih, 
yellowifh,  or  reddifh  white,  or  reddilh  brown. 
They  are  a;i  porous,  and  fome  exceeding  porous, 
and  hence  they  abfoib  from  about  £  to  T-  ot 

their 
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their  weight  of  water ;  their  fpec.  grav.  is  there- 
fore variable,  being  different  both  before  and 
after  abforption,  and  the  difference  proportioned 
to  the  quantity  abforbed.  The  lightcft  ftone  of 
this  fort  1  have  read  of  has  its  fpec.  grav.  1,3864, 
and  after  abforption  1,7528  :  it  therefore  abforbed 
above  i  of  its  weight  of  water.  It  is  dug  in  the 
quarry  of  Bourre  near  Montrichard,  in  the  neigh- 
bourhood of  Tours  :  its  colour  is  white,  very  foft, 
and  fine  grained  *.  The  denfity  of  the  heavieft 
fcarcely  exceeds  2,55.  The  hardnefs  of  thefe 
Hones  is  from  5  to  y. 

Portland  ftone,  whofe  fpec.  grav.  is  2,461,  and 
Bath  ftone,  whofe  fpec.  grav.  is  2,494,  belong  to 
this  variety,  as  does  Ketton  ftone,  whofe  colour 
is  reddifh  brown,  and  confifls  of  fmall  rounded 
particles  compacted  together  like  the  roe  of  filh  : 
its  fpec.  grav.  2,456.  It  contains  90  per  ct.  of 
mild  calx  and  10  of  argill,  with  a  minute  quan- 
tity of  calx  of  iron.  It  feems  the  fame  as  the 
cenebritfs,  4  Crell  Boytr.  432. 

Several  calcareous  depositions,  fbme  even  from 
Carlsbad,  belong  to  this  variety  ;  fome  prefent  a 
number  of  rounded  depreffions  in  their  fraflure  ; 
thofe  which  I  have  feen  were  either  white  or 
brick  red. 

Compact  limeftones  often  pafs  into  marl.  See 
I.eike,  G.  734,  735,  and  S  1357;  but  it  firft 
grows  ilaty. 

Variety  4.  Of  a  flaty  frafttire.  Under  this 
head  I  comprehend  thofe  whole  fingle  laminas 
have  a  compact  fracture,  but  upon  the  whole  flaty. 
Of  this  fort  are, 

i.  The  calcareous  flagftones  of  Woodftock. 
Its  colour  is  light  bluifh  grey,  or  yellovvifh,  povv- 

*  Brifibn,  p.  259. 

G  2  derecl 
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dere-d  over  with  ftnall  reddifli  white  round  parti- 
cles of  a  farinaceous  appearance.  The  lamince 
are  of  about  -^  of  an  inch  in  thicknefs,  and  are 
themfelves  of  a  compact  fra&ure.  Its  fpec.  gr. 
from  2,585  to  2,614.  It  affords  about  0,34  grs. 
of  air,  which  had  fomevvhat  of  an  hepatic  or 
putrid  frnell.  It  contains  a  mixture  of  filex,  ar- 
gill,  and  iron ;  and  hence  gives  fire  with  fteel, 
though  with  difficulty.  Its  luftre  o,  tranfpa- 
rency  o ;  but  its  impurities  are  not  fufficient  to 
render  it  fufible,  at  leaft  at  130°. 

2.  Limeftones,  of  an  Ifabella  yellow  colour, 
frequently  bearing  vegetable  impreflions.     The 
laminze  of  thefe  are  frequently  from  4  to  T  of  an 
inch  in  thicknefs,  and  prefent  a  fomewhat  con- 
choidal  fracture;  that  in  Leike,  O.  1240,  burned 
to  lime  at  120°.     See  alfo  G.  354,  355. 

3.  Limeftones,  of  a  light  bluifti  grey  colour, 
\vhofe  lamina?  prefent  a  fplintery  fracture,  as  in 
Leike,  S.  1357.     Thefe  pafs  into  marls  for  the 
moft  part. 

The  yellowilh  grey  limeftone,  Lefke,  S.  961, 
is  both  fandy  and  flaty. 

4.  Granular  limeflones  are  alfo  fometimes 
flaty,  but  much  more  rarely.     See  a  fpecimen  of 
this  fort  in  Le/ke,  S.  1326. 


ad  Family. 

Foliated  and  granular.  Its  moft  ufual  colours 
are  white,  or  light  grey,  or  yellowim,  greenifh, 
or  reddifli  white ;  feldomer  reddifli  brown,  flefti- 
coloured,  or  bluifh  grey,  or  greyiih  black. 

Its  luftre  2,1 ;  tranfparency  2.  1,5,  of  the 
darker  forts  i. 

5  Its 
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Its  fracture  foliated,  often  very  fmall  and  fine, 
always  ftraight,  fometimes  in  the  grofs  ilaty. 

Its  fragments  2. 

It  prefents  granular  diftinct  concretions,  often 
fo  fmall  and  fine,  that  the  foliated  texture  is  dif- 
ficultly difcerned. 

Its  hardnefs  from  7  to  8  ;  its  fpec.  grav.  from 
2,71  to  2,8376;  where  the  denfity  is  higher,  it 
is  impure. 

It  fcarcely  ever  contains  petrifactions,  dr  irn- 
preffions  of  marine  exuvise. 

Many  of  thefe  efFervefce  very  flowly  with  acids, 
as  will  be  feen  in  the  fequel. 

Parian  marble  is  faid  to  be  the  pureft  (lone  of 
this  family.  Its  colour  is  pure  white.  Its  fpec. 
grav.  according  to  BruTon,  2,8376.  Carrara 
marble  is  next  in  purity.  I  found  it  to  contain 
about  0,45  of  fixed  air,  and  0,03  of  argill,  with 
minute  quartz  cryftals.  Its  fpec.  grav.  2,717. 

Mr.  Cronlted,  in  the  Memoirs  of  Stockholm 
for  the  year  1763,  tells  us  he  met  in  lemptland  a 
black  thin  flaty  limeftone,  of  a  fparry  texture, 
which,  from  its  external  appearance,  would 
fcarcely  be  taken  for  limeflone,  and  yet  afforded 
excellent  lime.  In  fome  places  it  was  dark  grey, 
and  undulatingly  flaty. 

Mr.  Woulfe  prefented  me  with  another  of  the 
flaty  kind  from  Scotland ;  its  colour  dark  bluiih 
grey ;  its  luftre  i ;  tranfparency  i  ;  fndture, 
thick  flaty.  The  laminae  about  the  thicknefs  of 
an  inch ;  their  furfaces  ftrewed  over  with  mica. 
Fradture  of  the  lamina  granularly  foliated,  yet 
mixed  with  the  fplintery.  Fragments  3 ;  hard- 
nefs from  8  to  9;  fpec.  grav.  2,718. 

Some  limeftones  are  at  the  lame  time  both 

granular  and  fine  fplintery,  as  may  be  feen  in  the 

G  3  fpe- 
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fpecimen,  Le/ke,  O.  1254,  which  is  of  a  beautU 
ful  bluifligrey  colour;  and  fome  conthoidal,  apd 
exceeding  minutely  foliated,  as  the  fpecimen  in 
Leike,  S.  349. 

3d  Family. 

Foliated  and  fparry. 

Spars*,      ift  variety.     Common  Spar. 

Its  mod  ufual  colour  is  white  or  greyifli  white, 
alfo  yeilowifh  or  reddifli  white,  more  rarely  olive 
or  leek  green,  honey  or  ochre  yellow,  or  flefh, 
or  ttrownifh,  or  purplifh  red  ;  ftill  more  rarely 
brown,  or  bluifh  grey,  or  greyifh  black. 

It  occurs  both  amorphous,  cellular,  ftalaftitic, 
kidneyform,  glob  <iar,  or  interfperfed  through, 
or  pervading  in  veins,  other  mineral  fubftances, 
or  irvelbng  them,  or  filling  their  cavities ;  or 
cryftallized  in  various  forms  i  for  a  minuter  de- 
fci  iption  of  which  we  muft  refer  to  Mr.  Rome 
de  Lifle :  the  moO  general  are  the  rhomboidal, 
bu  frequently  we  find  them  cryftallized  in  hex- 
agonal prifms,  terminated  by  a  pyramid  often  at 
one  end,  rarely  ar  both,  and  fometimes  at  nei- 
ther. Tic  anpU  s  of  the  pyramid  never  corre- 
fpond  with  thofe  of  the  pril'm,  which  difllnguifhes 
them  from  quaitzy  cryftals:  the  pyramids  fome- 
times referable  the  head  of  a  nail.  Very  fre- 
quently fnars  occur  in  the  form  of  a  dog's  tooth, 
often  in  that  of  leaves,  Sec. 

Its  luftre  3,2,  never  o  or  f,  bur  when  either 
decompoiing  or  cirbafed  by  foreign  nigh-diem*. 

Its  tranfj>arency  2.  3,  4,  i,  if  of  me  amoff 
phous  kini  2.  1,5,  i, 

\V'h  us  Mie  tenr.y^ar,  without  addition,  always  denote! 
ar. 

Its 
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Its  fratfure  foliated,  generally  ftraight,  rarely 
convex  or  undulated. 

Its  fragments  generally  rhomboidal,  or  tending 
thereto.  . 

The  amorphous  generally  prefents  diftinct  gra- 
nular concretions,  feldom  lamellar  or  columnar; 
fome  feem  really  ftriated,  as  in  Lefke,  O.  izt-8  : 
the  columnar  give  it  a  ilriated  appearance,  as  in 
Lefke,  O.  1428. 

Its  hardnefs  from  5  to  6 ;  fpec.  grav.  from 
2,693  to  2,718. 

By  my  own  experiments,  pure  femitmnfparent 
amorphous  fpar  lofes  from  43  to  45  per  ct.  of  its 
weight  by  folution  in  acids.  Mr.  Sauffure,  ju- 
nior*, found  fome  rhomboidal  fpars  lofe  0,395 
by  folution  in  nitrous  acid;  Mr.  Bergman  only 
,34  :  it  is  probable  he  ufed  the  vitriolic  acid  to 
diflblve  it. 

White  or  grey  opake  fpars  generally  contain 
argill,  but  certainly  not  exceeding  12  per  ct.  for 
they  are  all  intufible  by  pure  air.  T  he  brown 
ferruginous  fpars,  on  the  contrary,  are  all  fufible 
by  the  heat  produced  by  that  air. 

Reddifh  and  violet  fpars  generally  derive  their 
colour  from  Manganeze.  16  Roz.  15  Lafius, 
Hartz  327. 

2d  variety.     Arra%onfpar-\. 

White  or  greenilh  white,  and  in  the  middle 
fome  what  blue. 

Luftre  2.     Tranfparency  2.  i, 

It  is  found  cryitallized  in  hexa,ngular  priftns, 
whole  planes  arc  concave. 

*  40  Roz.  165. 

f  Bergm.  I.  1788,91,96.  3  Berl.  Eeob.  364.  i  Chym. 
An.  1780,  388. 

G  4  Fracture 
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Fra&ure  fparry ;  but,  as  it  prefents  columnar 
diftinft  concretions,  it  appears  as  if  ftriated. 

Hardnefs  6.     Spec.  grav.  2,778. 

Moderately  heated,  ii  phofphorefces,  emitting 
a  red  light,  and  then  falls  into  powder. 

It  diflblves  ilowly,  but  entirely,  in  nitrous 
acid,  with  effervefcence ;  and  contains  no  fluor 
acid,  as  Mr.  Klaproth  evinced,  by  diflblving  it  in 
vinegar.  It  probably  contains  more  fixed  air 
than  the  former  variety,  and  probably  a  mixture 
of  ftronthian. 


4th  Family.     See  Lejke,  O.  1435. 

Striated  or  fibrous.  Staladite,  alabafter, 
(inter. 

Its  colours  are  grey,  white,  yeliowifh  or  green- 
ifti  white,  or  pale  green,  or  light  or  cherry  red, 
or  reddiih  brown,  or  bluifti  grey,  or  flriped  or 
veined  with  thefe  colours. 

Its  forms  various,  amorphous,  or  branched, 
jagged,  tubular,  globular,  &c.  the  furface  fel-. 
dom  fmooth. 

Its  luflre  i,  but  fometimes  abounds  in  fhining 
particles,  often  o.  Its  tranfparency  2.  i. 

Its  fracture  ftriated  or  fibrous,  fometimes  very 
faintly,  the  ilrias  feldom  parallel,  oftener  diver- 
ging as  from  a  common  center,  or  ffarry  \  it  fre- 
quently difcovers  diftincl:  flratified  concretions  of 
different  colours,  fometimes  parallel,  often  cufvec| 
or  angularly  undulating,  or  concentric. 

Its  hardnefs  from  5  to  7.  Its  fpac.  grav.  ac- 
cording to  Briflbn,  from  2,3259  to  2,876;  this 
laft  undoubtedly  from  an  abundant  mixture  of 

metallic 
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metallic  or  aftinolitic  particles;  but  its  moft 
yfual  relative  denfity  is  from  2.6  to  2,77. 

It  effervefces  with  acids,  and  burns  to  lime. 

Calcareous  fediments  and  incruftations  belong 
to  this  family  chiefly ;  that  of  Carlfbad  has  its 
fpec.  grav.  from  2,63  to  2,690,  and  contains  but 
little  of  iron,  filex,  or  argill. 

A  fibrous  or  ftriated  limeftone  found  near  the 
lake  Onega,  which  confifts  of  aibeftine  or  fhorla- 
ceous  particles,  interwoven  with  the  calcareous 
in  the  proportion  of  i  per  ct.  the  hardnefs  of  the 
former  is  9,  of  the  latter  from  7  to  8.  It  alfo 
contains  8  per  ct.  of  argill.  A&.  Petrop.  1782, 
270. 

Calcareous  infiltrations,  filling  the  cavities  of 
other  ftones,  are  frequently  of  this  family,  and 
have  often  been  miflaken  for  zeolytes. 

Though  moft  ftalacYites  have  a  fibrous  frac- 
ture, yet  there  are  many  whofe  fra&ure  is  earthy. 

The  fibrous  limeftone  from  Poland,  Lefke,  O. 
1435,  is  very  remarkable,  as  it  much  refembles 
fibrous  gypfum.  Its  colour  is  yellowifh  white. 
Its  luflre  2.  Tranfparency  i.  Its  fradture 
fibrous,  with  (lender  acicular  feparate  concretions 
ilanding  in  different  directions.  Its  hardnefs  7. 
Very  brittle.  Its  fpec.  grav.  2,741.  It  ftrongly 
efTerveices  with  acids.  Feels  harfh. 


5th  Family. 

Swine  ftpne.  Bluifh  or  blackifh  or  yellowifh 
grey,  or  greyifh  black,  or  yellowifh  or  blackilh 
brown,  or  Ifabella  yellow. 

Luflre  i.  o.     Tranfparency  o.  i. 

Fradture 
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Fraclure  various  ;  that  of  the  blackifli  varieties 
generally  fine  fplintery  paffing  into  the  conchoi- 
dal;  that  of  the  Ifabella  yellow  fine  fplintery; 
that  of  the  yellowifh  grey  earthy.  All  com- 
monly flaty,  and  difcover  fcattered  particles  of  a 
foliated  texture. 

Its  hardnefs  from  6  to  7.  Spec.  grav.  of  a 
fpecimen  of  the  grey  kind,  which  I  tried,  and 
was  penetrated  with  fpar,  was  2,701,  of  that 
examined  by  BriiTon,  2,7121. 

Its  moft  diftinguifhing  charafterifiic  is  an  uri- 
nous  or  alliaceous  fmell,  which  it  emits  when 
fcraped  or  pounded. 

It  is  generally  prefumed  to  contain  fome  bitu- 
minous fubftance,  and  with  good  reafon  ;  though 
1  could  procure  none  from  the  fpecimen  I  tried 
by  diftillation,  nor  any  air  diftinft  from  fixed  air  ; 
for  the  whole  of  the  air  I  procured  from  it  was 
eafily  abforbed  by  lime-water,  but  of  fixed  air  I 
found  it  to  contain  0,45. 

Swine  {lone,  compofed  of  lamina,  alternately 
•white  and  yellow,  is  found  in  the  vicinity  of  Ve- 
fuvius.  Gioeni,  13. 

Mr.  Bergman  informs  us,  that,  in  the  moun- 
tains of  Weft  Gothland,  this  (lone  occurs  in 
great  plenty,  and  is  there  burned  to  lime,  the 
expence  of  fuel  being  much  diminifhed  from  the 
aliment  the  (lone  itfelf  affords  when  heated  to 
rednefs*.  This  quality  is  kpown  in  many  parts 
of  the  county  of  Galway,  where  this  ftone 
abounds,  but  fuel  is  fcarce;  and  hence  it  is  often 
employed  to  hear  rooms,  as  it  remains  hot  many 
boors. 
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The  browner  forts  are  I  believe  mofl  frequently 
xnarls  or  marlites. 

yth  Family. 

*•"' '  Y$fei&fcfc¥'£?«*'  ss^M' 
Oviform.     Erlefenjlein, 

Their  colour  is  generally  yellowifh  grey,  or 
brown. 

Lutfre  o.     Tranfparency  o  or  i. 

They  confift  of  a  number  of  globules  clofely 
compacted  together ;  their  hardnefs  from  6  to  7, 


3<J  Species, 

Mild  calcareous  earth,  mixed  with  a  notable 
proportion  of  other  earths,  iron,  or  manganefe. 

Mixed  with  barytes  or  barofelenite.  Baryto- 
Calcite. 

Of  this  (lone,  which  I  have  not  feen,  Mr. 
Bergman  gives  the  following  account  *. 

Its  colour,  dark  or  light  grey,  almoft  white. 

Tranfparency  2. 

Form,  either  that  of  a  wedge,  or  fome  feg- 
ment  of  a  fphere,  or  rounded,  or  cryftallized  in 
quadrangular  prifms. 

Fradture  ftriated,  and  prefents  feparate  colum- 
nar concretions,  more  or  lei's  diverging  as  from  a 
common  center. 

It  contains  92  per  ct.  of  aerated  calx,  and  8 
of  aerated  barytes. 

Spec.  grav.  not  given,  t>ut  I  conje&ure  it  to 
be  nearly  2,78. 

It  effervefces  with  acids. 

*  i  Oiy.  An.  1734,  388. 

4/£  Sptcia. 


Calcareous  Genus. 


Species. 


Mixed  with  magnefia.     Muricakite, 
Of  thi?  fpecies,  there  are  two  families,  neither 
of  which  has  as  yet  been  accurately  defcribed. 


lit  Family. 

In  an  earthy  form. 

Of  an  olive  colour.  It  coniifts  of  a  large 
proportion  of  mild  calx,  and  a  fmaller  of  mag- 
nefia; and,  though  it  has  the  appearance  of  a 
clay,  yet  contains  no  argill.  13  Roz.  60,  found 
near  Thionville. 


2d  Family, 

In  a  ftony  form,  and  amorphous. 

A  ftone  of  this  has  been  miftaken  for  the  white 
or  fparry  iron  ore.  It  is  found  near  Creutzen- 
wauld,  and  contains  75  per  ct.  of  aerated  calx, 
12  of  magnefia,  and  13  of  iron,  per  Bayen,  13 
Roz.  59.  Mr.  Chaptal  informs  us  he  has  de- 
te&ed  fome  proportion  of  magnefia  in  many  of 
the  limeftones  of  Languedoc,  2  Chapt.  65. 


3d  Family. 

Cryftallized.     Compound  fpar.     Bitter  /far  of 
the  Germans. 

Greyifh 
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Greyifli  white,  or  verging  to  the  dark  pearl 
grey. 

It  occurs  partly  fhapelefs,  partly  in  blunted 
fragments,  partly  cryftallized  in  rhomboids,  fmall 
or  middle  fized. 

The  furface  of  the  fragments  is  longitudinally 
ftreaked,  that  of  the  cryftals  rough. 

External  luftre  greafy,  i.  internal,  pearly,  3. 
Tranfparency  3,  4. 

Frafture  ftreight,  foliated.  Fragments  rhom- 
boidal. 

Prefents  grofs-grained  diftinft  concretions. 

Hardnefs  8,  brittle.     Spec.  grav.  2,480. 

It  does  not  effervefce  with  acids  until  it  is  pul- 
verized, and  then  but  gently,  though  completely 
foluble  therein ;  if  previouily  heated,  it  will  dif- 
folve  more  quickly.  Heated  to  rednefs  for  half 
an  hour,  it  does  not  decrepitate,  but  lofes  45  per 
ct.  of  its  weight.  In  a  porcelain  heat,  it  vitrifies 
with  the  crucible,  which  it  tranfpierces.  By 
Mr.  Klaproth's  analyfis,  it  contains  52  per  ct.  of 
mild  calx,  45  of  mild  magnefia,  and  3  of  iron 
mixed  with  manganefe.  5  Berl.  Beobacht.  55. 

It  is  found  in  Tyrol,  and  generally  mixed  with 
chlorite  and  talc. 


5/£  Species. 

Mixed  with  a  notable  proportion  of  argill  or 
clay.     Argillo-cakites. 

ift  Oafs. 

Readily  difintegrable  by  expofure  to  the  atmo- 
fphere. 

Marls, 
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Marls,  or  Calcareous  Marls  *. 


i  ft  Family. 

In  an  earthy  or  femi-indurated  form.  Merge! 
trde  of  Werner. 

Generally  yellowifh  grey,  more  rarely  yellow- 
ifh white. 

Luftre  o.     Tranfparency  o. 

Surface  dufty. 

Slightly  compacted  together,  frequently  loofe. 

Feels  dry  and  rough.  Spec,  gray,  from  1,600 
to  2,4. 

It  flrongly  effervefces  with  acids,  and,  when 
diflblved  therein,  the  refiduum,  dried  in  a  heat  of 
100°  Fahr.  weighs  from  |-  to  *.  of  the  whole ; 
that  is  to  fay,  this  marl  contains  from  30  to  80 
per  ct.  of  calx. 

It  is  fufible  in  a  heat  of  from  130°  to  140°  of 
Wedgwood. 

In  water  it  foon  falls  into  powder,  and  is  not 
dudile ;  the  compared  part  farther  moulders  by 
expofure  to  the  air. 

It  confifis  of  mild  calcareous  earth,  in  the  pro- 
portion of  from  66  to  80  per  ct.  the  remainder 
clay,  with  which  mica,  and  other  foreign  ingre- 
dients, and  frequently  ihells,  are  mixed.  But 
clay  itfelf  contains  two  ingredients,  namely,  argill 
and  filex ;  and  hence  this  family  divides  into  two 

*  Though  there  are  different  dtfin&ions  of  marls,  yet  by 
the  term  marl^  without  farther  addition,  calcareous  marl* 
are  uudcritood. 

branches; 
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branches;  the  one  in  which  the 'argill  exceeds, 
or  at  leaft  amounts  to  20  per  ct.  of  the  whole 
refiduum ;  the  other,  in  which  the  filiceous  in- 
gredient amounts  to  more  than  80  per  ct.  of  the 
whole  refiduum.  This  diftindtion,  which  is  of 
fome  importance  in  agriculture,  cannot  be  di- 
rectly made  but  by,  means  of  a  chemical  analyfis ; 
however,  it  may  be  inferred  from  the  property 
which  the  refiduum,  after  folution,  has  or  has  not 
of  making  a  good  brick ;  if  it  cannot  be  formed 
into  a  brick,  then  the  filiceous  ingredient  ex- 
ceeds ;  if  it  can  be  made  into  a  brick,  and  this 
brick  is  liable  to  crack  in  drying,  then  the  argil- 
laceous ingredient  exceeds. 


2d  Family. 

In  a  (tony  or  indurated  ftate.  Verbarteter  Mer- 
ge! of  Werner. 

Yellowilh  white,  or  yellowifli  or  bluifn  grey, 
or  Ifabella  yellow  or  brown,  or  reddifn  or  yellow- 
ifli  brown,  or  brick  red,  or  flelh  coloured,  or 
greyilh  black. 

Surface  often  dufty. 

Luftre  o.     Tranfparency  o. 

Fracture  earthy,  fornetimes  inclining  to  the 
fplintery,  or  conchoidal,  frequently  ilaty. 

Hardnefs  from  5  to  7.  Spec.  grav.  (when  it 
can  be  taken)  from  2,3  to  2,7. 

It  is  fufible  by  a  heat  of  133°  into  a  dark  green 
compact  glafs. 

Mod  frequently  crumbles  foon  after  immer- 
fion  in  water. 

It  effervefces  ftrongly  with  acids,  and  by  folu- 
tion therein  lofes  from  0,25  to  0,32  of  its  weipht. 
6  The 
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The  refiduum,  after  folution,  being  wel 
and  dried,  weighs  from  *  to  £  of  the  whole. 

It  confifls  of  mild  calx  and  clay  in  the  fame 
proportion  as  the  former  variety,  arid  frequently 
a  large  proportion  of  marine  fhells.  Moft  marls 
contain  a  frnall  proportion  of  magtiefia,  and  fome 
veft-'ges  of  marine  acid  * ;  they  are  liable  alfo  tc* 
various  other  contaminations. 

By  expofure  to  the  air  and  moifture,  it  fooner 
or  later,  generally  at  fartheft  within  a  year,  chips 
and  falls  to  pieces.  This  di (integration  is  re- 
markable, for  it  does  not  proceed  folely  from  the 
abforption  of  water,  and  the  dilatation  and  con- 
traction of  this  abforbed  water,  by  the  varying 
temperature  of  the  atmofphere,  as  it  takes  place 
in  climates  under  which  this  variation  is  not  con- 
liderable ;  nor  does  it  proceed  from  the  abforption 
of  air  by  ferruginous  particles  it  may  contain ; 
for  marls  that  contain  fcarcely  any  iron,  or  which 
conrain  iron  in  a  (late  that  admits  of  no  farther 
calcination,  equally  fall  to  pieces  after  expofure 
to  the  atmofphere,  and  fo  do  the  fhells  contained 
in  it.  I  fufpeft  it  to  proceed  partly  from  the  ab- 
forption of  moiflure,  and  partly  from  the  abforp- 
tion of  air  by  the  carbonic  principle  of  the  ma- 
rine exuviae,  or  fhells  found  in  the  marl. 

Marls  that  contain  only  66  per  ct.  of  mild 
calx  are  frequently  burned  to  obtain  lime;  this 
lime  takes  lefs  fand  indeed,  but  is  unfit  for  con- 
ftrudtions  under  water.  D.  Wettering  remarked, 
that  marls,  which  contain  above  ^  of  their  weight 
of  aerated  calx,  will  not  form  bricks.  Dr.  Hig- 
gins  obferved  that  mortar,  which  contained  \  °f 
of  its  weight  of  argili,  was  fubject  to  chip  by 

*  Per  Monnet,  4  Roz.  180. 

expofure 
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expofure  to  the  air  and  moifture.     On  Cements, 

121. 

It  has,  however,  been  obferved  by  Mr.  Ma- 
quer,  that  limeftones,  which  contain  only  0,1.5 
or  o,i6f  of  argill,  poflefs  all  the  properties  of 
limeftones;  Mem.  Par.  1728  :  yet  this  muft  be 
reftrained  to  the  cafe  in  which  they  are  not  ex- 
pofed  to  an  high  degree  of  heat,  or  he  muft 
mean  pure  argill:,  for,  if  they  contained  that 
proportion  of  clay,  they  would  undoubtedly  be 
fufible. 

This  family*  like  the  foregoing,  is  divifible 
into  two  branches ;  the  one,  in  which  the^argtl- 
laceous  part  of  the  clay  exceeds  the  filiceous ;  the 
other,  in  which  the  filiceous  is  to  the  argillaceous 
in  a  higher  proportion  than  4  to  i. 

I  ft  Branch. 

Of  this  fort,  I  do  not  recollect  that  any  have 
as  yet  been  analyfed. 


ad  Branch* 

Siliciferous  Marls. 

Thefe,  as  before  faid,  poflefs  the  fame  charac- 
ters as  the  foregoing,  except  that  they  do  not 
harden  when  calcined ;  nor  does  the  reiiduum, 
after  folunon  in  acids,  form  a  brick.  Thefe 
properties,  it  muft  be  underftood,  are  fufceptible 
of  various  gradations,  as  the  conipofitions  necef- 
fanly  vary  from  each  other.  Of  this  fort,  a  few 
H  are 
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are  mentioned  by  Dr.  Withering,  Phil.  Tranf. 


i  .  A  brownijh  white  marly  refembling  a  calca- 
reous incruftation.  It  contains  53  per  ct.  aerated 
calx  i  the  remainder  fand. 

2.  A  lead-coloured  friable  flaky  marl,  contained 
48  per  ct.  aerated  calx  ;  remainder  fand. 

3.  A  brownifo-grey  marl,  very  hard,  in  irregu- 
lar lumps,  contained  53  per  ct.  aerated  calx  ;  the 
remainder  fand. 

4.  A  lead-coloured  marl,  in  powder  or  fmall 
hard  lumps  ;  it  contained  66  per  ct.  aerated  calx, 
with  fand,  and  a  fmall  proportion  of  argill. 


2d  Clafs. 

Not  readily  difintegrable  by  expofure  to  the 
atmofphere. 


Marlites. 

Light  or  dark  grey,  or  bluifli  or  yellowifh 
grey,  or  brownifh  red,  or  flefh  coloured,  or  grey- 
ifh  black. 

Luftre  o,  tranfparency  o,  when  the  limeflone 
is  of  the  compact  kind ;  but,  when  it  is  of  the 
granular,  fome  luftre  and  tranfparency  are  per- 
ceived, as  in  the  fpecimen,  Lefke,  564. 

Frafture  moftly  earthy  or  conchoidal,  feldom 
fplintery,  frequently  flaty,  more  rarely  granularly 
foliated,  fometimes  mixed. 

Hardnefs  from  4  to  8.  Spec.  grav.  from  2,3 
to  2,877. 

ErTervefcc 
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Effervefce  with  acids,  though  fometimes 
flowly. 

They  are  not  disintegrated  by  expofure  to  the 
atmofphere,  at  lead  in  6  years.  Hence  we  fee 
they  differ  but  little  from  marls  in  their  external 
characters;  however,  the  property  of  refilling 
the  influences  of  the  atmofphere,  at  leaft  for  a 
confiderable  time,  is  too  important  a  ground  of 
diftindhon  to  be  pafled  over. 


1      i  ft  Family. 

In  which,  next  after  the  calcareous  ingredient, 
the  argillaceous  predominates. 


Argilliferous  Marlites. 

1.  A  dark  blue  limeftone,  of  a  conchoidal  or 
femilenticular  form,  opake,  dull  and  ilaty,  hard 
as  8.     Spec.  grav.  2,877.     It  contained  0,50  of 
mild  calcareous  earth,  32  argill,  12  filex,  and  ^ 
of  iron. 

2.  Orbicular  mafles  (geods),  containing  brown 
or  bluifh  grey  marl,  fplit  into   compartments, 
and  interfered  with  veins  of  fpar,  called  Ludi 
Helmontii.     I  cannot,  however,  fay  that  I  parti- 
cularly examined  thefe. 

3.  Mollaffe,  a  grey  or  yellowifh  grey  ftone,  found 
in  the  neighbourhood  of  Laufanne,  and  various 
parts  of  France,  at  leaft  thofe  forts  of  it  that, 
after  a  length  of  time,  are  injured  by  expofure 
to  the  air,  feem  to  belong  to  this  family. 

4.  Various  ftala&ites,  fuch  as  thofe  confifting 
of  hollow  cones,  including  others  of  the  fame 

H  2  fort 
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fort  found  in  Hselfmburgh,  and  which,  according 
to  Baron  Born,  are  difficultly  foluble  in  nitrous 
acid,  and  when  calcined,  and  thrown  into  water, 
depofit  a  confiderable  proportion  of  argill.  i. 
Raab.  304. 

5.  Various  red  and  green  marbles^fuch  as  the 
browniftiredmarbleof  Ingermania,  variegated  with 
red  and  green.  Its  fracture  earthy.  Its  hardnefs 
from  6  to  y.  It  abounds  in  petrifactions,  effervefces 
weakly  with  acids,  by  calcination  becomes  grey, 
and  affords  a  bad  lime.  By  Mr.  Georgi's  ana- 
lyfis,  it  contains  65  per  ct.  of  aerated  calx,  17  of 
argill,  12  filex,  3,5  of  falited  calx,  and  2  of 
iron,  Act.  Petrop.  1782,  276.  It  entirely  refem- 
bles  that  of  Robock  in  Kinneculla,  which  Mr. 
Bergman  tells  us  is  fufible  in  a  ftrong  heat,  and 
yet  affords  a  weak  lime,  Mem.  Stockh.  1768; 
and  the  green  Campan  of  the  Pyrenees,  which, 
by  Mr.  Bayen's  analyfis,  confifts  of  0,65  aerated 
calx,  0,32  argill,  and  0,0-3  of  iron  flightly.  cal- 
cined. 

6.  Some  bluifh  and  yellowiih  grey  limeflones 
of  a  compact,  texture,  fuch  as  that  found  in  the 
biflioprick  of  Fulda,  which  contains  75  per  ct. 
of  mild  calx,  and  25  of  argill.  Voight  Fulda,  15. 

7.  Various  porous  limeitones,  which  afford  a 
very  poor  lime,  are  probably  of  this  family. 

8.  Mr.  Ferbsr,  in  Nov.  Act.  Petrop.  1785,  p, 
263,    mentions   a   very   fingular   foffil,    a   marl 
cryftallized   in   an   octohedral  form,  like  alum, 
which  contains  argill   and  filex  ;    but  nothing 
farther  concerning  it  is  as  yet  known. 


ad  Family. 
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ad  Family. 
In  which,  next  to  calx,  filex  predominates. 

Siliciferous  Mzr///<?jt.a£  48 

Of  this  there  are  many  varieties,  feveral  of 
which  give  fire  with  fleel  at  the  fame  time  that 
they  effervefce  with  acids. 

1.  A  brownifh  red  and  white  marble  of  Fin- 
land, of  micaceous  or  fcaly  texture,  whofe  hard- 
nefs  is  9.     It  contains  74!  per  ct.  aerated  calx, 
1 6  filex,  5  argill,  3   magnefia,   and   i  of  iron. 
Per  Georgi  Aft.Petrop.  1782,  276. 

2.  A  greyiih  blue  marble  from  Pergula,  near 
the  lake  Onega,  of  a  minute  fcaly    texture,  yet 
fomewhat  angular  in  its  fra&ure.     Its  hardnefs 
from  8  to  9.    It  contains  79  per  ct.  aerated  calx, 
1 8  filex,  2,5  argill,    and  0,5  iron.     Ibid. 

3.  A  greyifh  black  marble  fpotted  with  white, 
from  Sardopol,  on  the  lake  Onega,  of  a  minute 
fcaly  texture,  with  a  few  micaceous  particles. 
Its  hardnefs  from  7  to  8.     Contains  66  per  ct. 
of  aerated  calx,  19  filex,   10  mica,  4"  argill,  and 
i  of  iron.     Ibid. 

4.  A  fkfh  coloured  marble,  variegated  with 
white,  alfo  from  the  lake  Onega.    Its  hardnefs  9. 
Contains  75  per  ct.  aerated  calx,  16  filex,  5  ar- 
gill, 2  mica,  and  2  of  iron.     Ibid. 

$.  A  blackifti  calcareous  Hate,  found  near 
Courmayer,  in  the  Alps,  is  fufible,  and  contains 
0,615  calx,  0,275  filex,  0,06  magnefia,  0,0225 
argill,  and  0,015  iron.  2  Sauff.  298. 

H  3  6.  A 
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6.  A  blackifh  limeftone,  found  in  Tauria,  ex- 
actly  refcmbling   a   flint   mentioned   by  Prince 
Galiitzin   in  his  defcription  of  that  country,  i 
Bergbau,  298  ;  and  another  refembling  horn  ftone 
found   at   Furftenberg,     which   with    limeftone 
contains  a  quantity  of  fand;   of  which  Langer 
makes  mention  in  his  mineral  hiftory  of  Pader- 
born,  p.  8 ;  and  the  flaty   limeftones  found  on 
the  Grampians  in  Scotland,  which  effervefce  with 
acids,  and  give  fire  with  fteel,  i  Bergb.  399,  are 
of  this  family. 

7.  Silicicalcareous  freeftones,  which  are  often 
porous,  and  ferve  for  filtering  ftones,    fuch   as 
Pierre  de  Liais,  which,  according   to  Monnet's 
Mineralogy,   12,  contains  33   per  ct.  filex.     Its 
fpec.  grav.  according  to  BrifTon,  is  from  2,07 
to  2,4. 

8.  Arenaceous  limeftone,  fuch  as  that  found 
at  Sharzfeld  in  the   Hartz,    Lafius,   193.      Its 
fpec.  grav.  2,489. 

9.  A  radiated  ftelliform  limeftone  (Sternfpath) 
found  on  the  Carpathian  mountains  by  Mr.  Fich- 
tel.     Its  colour  white  and  greenifh.    Luftre  lilky. 
According  to  Mr.  Bindheim,  it  contains  0,66  per 
ct.  mild  calx,  0,30  filex,  and  0,03  iron  ;  but  he 
tells  us  it  is  fufible   by  the  blow  pipe,  which 
could  not  happen  if  it  did  not  contain  argill  alfo, 
or  the  filiceous  ftone  muft  have  been   of  the  fu- 
fible  kind,   and  even   fo  it  would    fcarcely  be 
fufible. 

10.  Mr.  Chaptal  informs  us,  that  fome  lime- 
ftones in  Languedoc  conrain  fo  much  filex,  that 
when  calcined  they  need  only  be  beaten  up  with 
water  to  make  good  mortar.     2  Chapt.  34. 

3d  Clafs. 
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3d  Clafs. 

Argillocalcites,  penetrated  with  bitumen,  ful- 
phur,  or  pyrites. 


i ft  Family. 

Bituminous  Marlite.  Bituminofer  Mergel  Schie- 
fer  of  Werner. 

Colour  greyifh  or  brownifh  black.  Fracture 
partly  flraight,  partly  curved,  or  undulatingly 
flaty  ;  the  internal  furfaces  of  the  former  rough, 
of  the  latter  fmooth.  The  lamince  either  thick 
or  thin.  Fragments  tabular. 

Luftre  of  the  ftraight  flaty  o,  of  the  curved 
flaty  1,2.  Tranfparency  o. 

Hardnefs  5.   Spec.  grav.  from  2,361  to  2,442. 

Feels  dry.     Often  contains  copper  pyrites. 

It  effervefces  with  acids,  even  the  fpecimens 
that  have  moft  the  appearance  of  coa},  as  thofe 
in  Leike,  Q.  1538,  1535.  The  fpecimen  1537 
effervefces  but  weakly. 

It  moft  commonly  bears  imprcffions  of  fiih  or 
marine  plants. 

It  feems  to  be  the  (hale  bind  of  4th  Watfon, 
344,  yet  its  fpec.  grav.  according  to  him,  is 
2,681. 

This  (tone  muft  not  be  confounded  with  bitu- 
minous lhale  (brand  fchieferj,  which  it  much  re- 
fembles ;  that  is  an  argillite,  fcarcely  effervefces 
with  acids.;  this,  a  calcareous  flone,  ftrongly  ef- 
fervefces with  acids :  its  fpec.  grav.  at  a  medium 
2,388. 

H  4  The 
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The  former  is  found  in  coal-mines,  the  latter 
is^tiot  attached  to  them,  but  contains  copper  ore, 

2d  Family. 
Pyritaceous  Limeftone. 

Dark  grey,  or  yellowifii  grey.  Luftre  i,  from 
fome  interpofed  fhining  particles. 

Tranfparency  o.  Fraclure  compact,  often 
flaty.  Hardnefs  from  8  to  9,  brittle.  Spec, 
grav.  2,703. 

Gives  a  grey  powder,  is  not  magnetic. 

Soluble  in  acids,  and  fometimes  with  efFer- 
vefcence. 

Detonates  with  nitre. 

Calcined  with  charcoal  affords  a  liver  of  ful- 
phur. 

Diftilled,  it  affords  fome  flowers  of  fulphur, 
and  volatile  vitriolic  acid. 

By  the  analyfis  of  Baron  Servieres,  it  contains 
75  per  ct.  mild  calx,  and  25  of  pyrites,  con- 
fiding of  14  parts  argill,  7  quartz  and  fulphur, 
and  4  of  iron  *. 

6th  Species. 

Argentine.     Schiefer  fpath  of  Werner. 

Colour  greyiih,  reddifh,  or  greeniih  white. 

Luftre,  where  frefti  broken,  and  in  the  direc- 
tion, of  the  lamellcE,  3,2,  and  of  the  filvery  kind, 
as  I  think ;  fome  call  it  intermediate  between  that 
of  wax  and  mother  of  pearl. 

*  21  Rozier,  394,  22  Roz.  207. 

Tranfpa- 
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Tranfparency  T,O  1,5. 

Fracture  curved  foliated,  in  the  grofs  ilaty. 
Fragments  2. 

Hardnefs-  5  to  6.  Very  brittle.  Spec.  gray. 
2,647.  Hath  fomewhat  of  a  greafy  feel. 

Effervefces  ftrongly  with  acids. 

Heated  to  redneis,  it  turns  reddifh  brown ;  by 
a  heat  of  155°  it  is  converted  partly  into  a  brown 
porcelain  mafs,  and  partly  into  a  reddifh  brown 
glals,  which  attacks  the  crucible. 

Its  competition  is  not  yet  known,  and  I  had 
too  little  of  it  to  allow  a  farther  examination  ; 
but,  from  its  action  on  the  crucible,  I  think  it 
probably  contains  magnefia,  and  a  fmail  propor- 
tion of  argill  and  calx  of  iron. 

According  to  Mr.  Karilen,  its  fpec.  grav.  is 
intermediate  between  the  heavy  and  not  re- 
markably heavy.  Le/ke's  Catalogue,  p.  273. 
Mr.  Hoffman,  however,  did  not  find  its  fpec. 
grav.  fo  high.  That  which  I  examined  was 
taken  from  the  fpecimen  in  Lefke,  O.  1499. 

It  has  hitherto  been  found  only  in  Barman's 
Griin,  near  Schwartzenberg,  and  Konfberg,  in 
Saxony,  and  in  the  Snara  pit,  in  Norway.  The 
filvery  chalk,  already  mentioned,  feems  howtver 
pearly  related  to  it. 


7th  Species. 
Combined  with  manganefe  and  iron  *. 

Sidero  Calcite.     Braun  fpath  of  Werner,  fpath 
perle  of  Rome  de  Lifle. 

*  Karften  in  Lefke,  p.  275.     i  Bergm.  I.   1789,    190. 
12  An.  Chy.  165,    , 

Colour 


106  Calcareous  Genus. 

Colour  white  or  greyifh,  yellowiih  or  reddilh 
white;  the  red  fometimes  rifes  to  the  rofy,  fome- 
times  finks  to  the  brown  or  darker  red  j  the  yel- 
low degenerates  often  intp  Ifabella  or  brownifh 
black.  Sometimes  many  of  thefe  colours  occur 
together,  and  frequently  prefent  an  iridefcent  or 
tarniflied  metallic  appearance. 

It  is  fpund  amorphous,  cellular,  rouncjed,  but 
more  generally  cryftallized. 

Its  external  luftre  -(when  not  much  decom- 
pofed)  is  metallic  or  pearly,  3,2;  its  internal, 
glaffy,  2  or  i.  Tranfparency  of  the  cryftallized 
2,  i,  o,  of  the  others,  o. 

When  cryftallized,  its  forms  are  various:  i, 
lenticular ;  2,  rhomboidal,  with  plane  or  convex 
faces  ;  3,  pyramidal  and  folid,  with  convex  faces, 
or  pyramidal  and  hollow,  all  fmall  and  low. 

Fradture  partly  ftraight,  partly  curved  foliated  ; 
the  fragments  of  the  former  tend  to  the  rhom- 
boidal form  ;  of  thofe  of  the  curved  foliated,  in- 
determinate. 

Hardnefs  8,  brittle.  Spec.  grav.  2,837,  Per 
Briflbn ;  yet  that  of  the  fpecimen,  Lefke,  O.  1 504, 
had  its  fpec.  grav.  only  2,396.  It  confifts  of  a 
groupe  of  yellowifh  pyramidal  cryftals  feated  on 
a  porous  incruftation,  probably  of  the  fame  fub- 
ftance  ;  that  examined  by  Mr.  Briflbn  was  a  folid 
rhomboid. 

It  effervefces  with  acids,  fometimes  brifkly, 
fometimes  very  flowly  *  ;  if  the  ftone  be  white, 
the  nitrous  acid  leaves  on  it  a  yellow  ftain. 

It  frequently  occurs  decompofed  by  expofure 
to  the  atmofphere. 

*  i  Bergm.  I.  7789,  189.  7  Roz.  224,  226.  Phil.  Tranf. 
1779,  29-  That  of  Lelke,  0. 1504,  efiervefces  biilkly,  though 
not  io  itrongly  as  calcareous  Ijjar. 

When 
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When  heated,  it  decrepirates,  and  becomes 
red  or  brown,  and  often  magnetic.  In  a  ftrong 
heat,  the  white  tranlparent  cryltals  lofe  about 
0,455  °f  tneir  weight;  0,40  being  fixed  air,  and 
0,05  water.  40  Roz.  163.  For  the  amorphous 
fee  the  fpecimen  Lefke,  S.  178  and  772. 

It  confifts  of  variable  proportions  of  aerated 
calx,  aerated  manganele,  and  iron. 

This  (lone  hath  been  ib  long  miftaken  by  my- 
felf  and  others,  that  a  hiftory  of  the  opinions 
concerning  it  mav  be  fomewhat  interesting. 

Rome  de  Lille  is  the  firft  who  has  given  any 
thing  like  a  delcription  of  it  in  the  firft  edition, 
of  his  Cry  (biography,  A.  D.  1772.  He  there 
tells  us  it  coniilts  of  a  number  of  cryftals,  or  ra- 
ther rudiments  of  cryftals  heaped  on  each  other, 
of  a  iilvery  white  or  golden  hue,  and  calls  it 
pearly  fpar ;  but  he  totally  miflook  its  nature, 
for  he  reckoned  it  among  the  fluor  fpars,  p.  155. 

In  the  year  1778,  Mr.  Wouiferead  a  paper  be- 
fore the  Royal  Society  of  London,  printed  in 
the  Tranfadtions  of  1779,  in  which  he  gives  a 
much  fuller  account  of  this  ftone,  which  he  con- 
fiders  as  a  non-defcript.  It  forms,  he  tells  us,  flat 
rhomboidal  cryftals,  and  difcovers  great  variety 
of  colours,  being  found  either  white  and  iemi- 
tranfparent,  or  pearl  coloured,  or  reddifh,  or  of 
different  {hades  of  brown  or  yellow;  fome  of 
the  luftre  of  gold,  brats,  or  copper.  Its  hard- 
nefs  only  inferior  to  quartz  or  felipar,  and  effer- 
vefcing  with  the  three  mineral  acids.  He  then 
proceeds  to  its  analyiis,  which,  making  allowance 
for  the  time  (manganefe  being  then  in  a  great  mea- 
fure  unknown),  has  undoubtedly  great  merit.  He 
diftinftly  proved  the  exidence  of  calcareous  earth, 
of  magneiia,  or  fome  new  fubflance  with  which 

the 
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the  vitriolic  acid  afforded  white  rhomboidal  oryf- 
tals  of  a  ftyptic  birter  tafte,  and  iron  ;  whence 
he  concluded  that  i  So  grs.  of  this  fpar  contains 

109  of  mild  calx,   63  .of  magnefia  or  fome  pew- 
earth,,  and  8  of  iron;  or  ico  parts  of  the  fpar 
contain  60,5  mild  calx,  35  of  this  new  earth,  and- 
4,4  of  iron.    ' 

By  this  account',  I  wa&  led  to  think  this  fpap 
contained  magnefia  as  well  as  calcareous  earth, 
and  hence,  in  my  former  Elements t  I  called  it 
compound  fpar. 

In  the  mean  time,  Mr.  Rome  de  Lvfle,  in  the 
fecond  edition  of  his  Cryitalography,  made  a 
nearer  approach  to  the- true  nature  of  this  (lone, 
though  he  ftill  miftook  it.  He  tells  us,  p.  616, 
619,  622,  that  it  frequently  patfes  into  the  Iparry 
iron  ore.  This  obfervation  at  once  opened  to 
me  its  true  competition,  for,  the  agreement  of 
his  decompofuion  with  that  of  Mr.  Woulfe  per- 
fuaded  me  that  his  fpatk  perle  was  that  new  fpar 
defcribed  and  analyfed  by  Mr.  Woulfe,  who  in- 
deed fufpecled  fome  connexion  between  it  and 
the  fparry  iron  ore,  though  a  fallacious  experi- 
ment afterwards  induced  him  to  deny  that  this 
ore  contained  calcareous  earth ;  but  the  experi- 
ments of  Mr.  Bayen  and  Mr.  Bergman  prove 
that  point  beyond  contradiction. 

Lately  Baron  Born,  in  the  catalogue  of  the 
foffih  of  Mifs  Raab,  though  well  aware  that  the 
fpath  perle  of  Rome  de  l.ifle  was  the  fame  as 
the  braun  fpath  of  the  Germans,  and  that  this 
latter  contains  manganefe  as  well  as  mild  calx, 
xvas  nevertbelefs  perfuaded  that  the  (lone  analyzed 
by  Mr.  Woulfe  was  totally  of  a  different  nature, 
and  that  it  really  was  compofed  of  mild  calx  and 
magnefia.  To  this  miftake  I  was,  I  muft  own, 
2  in 
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in  a  great  meafure  accefiary,  as  I  did  not  mention 
that  Mr.  Woulfe  himfelf  fufpeded  that  what  he* 
called  magnefia  was  not  true  magnefia,  but  a 
new  earth.  A  (lone,  however,  of  the  fame  na- 
ture as  that  which  I  had  wrongfully  afciibed  td 
what  I  called  compound  fyar,  Baron  Born  afferts, 
has  been  found  in  the  valley  of  Zillerthal  irt 
Tyrol,  in  a  fteatitic  rock;  the  defcription  he 
gives  of  it  exactly  correfponds  with  that  of  Mr. 
Woulfe,  except  that  it  neither  effervefces  nor  clif- 
folves  in  acids,  both  which  Mr.  Woulfe  espreffly 
fays  the  {tone  defcribed  by  him  does  :  the  Baron, 
therefore,  in  all  probability  was  deceived. 

i.  From  what  has  been  faid,  it  may  be  inferred 
that  braun  ffar,  or  lidero-calcite,  exhibits  in  its 
competition  various  gradations  to  or  from  the 
the  fparry  iron  ore;  like  this  it  fometimes  effer- 
vefces with  acids,  and  fometimes  this  effervef- 
cence  is  fcarcely  perceptible.  Bayen.Mem.  Etrang< 
9,  704.  2  Bergm.  198.  2.  The  proportion  of 
calcareous  earth  varies  confiderably  in  this  ore, 
fo  that  ibmetimes  it  contains  no  more  than  2  or 
5,  per  ct. ;  and  hence  it  efcaped  the  action  of 
tartar  vitriolate  in  Mr.  Woulfe 's  experiment  \  for, 
if  felenite  were  formed,  yet  a  few  grains  of  it 
\vould  remain  diflblved,  and  afford  no  precipitate. 

3.  This  ore  contains  manganefe,  and  it  is  this 
which,  with  the  vitriolic  acid,  formed  white  bit- 
ter rhomboidal  cryftals  in   Mr.  Woulfe's  experi- 
ment ;  to  this  the  fatifcence,  or  efHorefcence,  or 
decompotition,  of  the   fidero-calcite   is   owing. 

4.  The  varying  denfrty  of  this  {tone  is  alfo  Sn 
evident  confequence  of  its  varying  compofitkm 
as  well  as  texture. 
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8th  Species. 
Mixed  with  a  notable  proportion  of  iron; 

Ferric  alettes. 

Reddifh,  yellowifh  white,  or  browniih  yellow, 
tor  browniih  red,  or  dark  or  yellowifh  brown,  or 
brownifli  blue. 

Luftre  o,  i.  Tranfparency  o.  Fradture  ge- 
nerally flaty,  often  granulariy  foliated. 

Hardnefs  from  7  to  8.  Spec.  grav.  from  2,8 
to  2,9. 

Moulders  by  expofure  to  the  atmofphere. 
Effervefces  with  acids. 

They  contain  from  7  to  14  per  ct.  iron,  and 
rnofl  frequently  a  proportion  of  clay ;  but,  after 
the  calx,  iron  is  the  characterizing  ingredient ; 
fome,  however,  only  contain  fo  much  as  to  ren- 
der them  capable  of  decay.  Thefe  are  rifty, 
and  prefent  numerous  diftindt  concretions.  See 
the  fpecimen  in  Lefke,  S.  530,  &c. 

1.  A    brown   foliated    limeftone,  found   near 
Rabenftein  in  the  Hartz;  it  is  fufible  per  fe,  and 
confequently  contains  clay.   Its  fpec.  grav.  2,848. 
Lafms  192. 

2.  A  brown  iron-fhot  lirneftone,  confifling  of 
entrochites  cemented  together  by  a  ferruginous 
cement.     Its  fpec.  grav.  2,882.     Ibid. 

3.  A   bluilh  limeftone   of   a  flaty  ftrufture, 
which  acquires  a  rutty   colour  by  expofure  to 
the    air,    and    is    fufible    by    the    blow-pipe. 
a  Sauff.  187. 

4-  A 
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4.  A  yellowifh  white  limeftone,  of  a  granular 
or   foliated  texture,  which  becomes  brown  b£ 
expofure   to  air.     By  calcination,  it  lofes  from 
20  to  50  per  ct.  of  its  weight.     It  contains  about 
10  per  ct.  of  iron  and  manganefe.      Found  at 
Hsellefors  in  Sweden.     Scbwed.  Abhand.  1754, 
291. 

5.  A  red  limeftone,  found  alfo  at  Hzellefors, 
contains  10  per  ct.  iron.    Rinm.  §  189. 

6.  A  pale  red  or  yellow  limeftone,  found  at 
Rytterfhutten  in  Sweden.     Its  hardnefs  9.    Spec, 
grav.   4,988.     Does  not  effervefce  with  acids  j 
becomes  magnetic  after  roafting ;  and  contains, 
according  to  Meflrs.    Elyart,  about  54  per  ct. 
pure  calx,  24  iron,  and  22  (ilex.     Schwed.  Ab- 
hand,  1784,  121. 

7.  Greyilh  red  compact  limeftones  of  a  porous 
texture,  almoft  paffing  into  fand  ftones,  void  of 
luftre  and  tranfparency,  with  an  earthy  fracture, 
and   refembling  mortar,    as  in  Lelke,    S.   132. 
See  alfo  Derivatives. 

pth  Species. 

Superfaturated  with  fixed  air,  and  frequently 
phofphorefcent. 

Dolomite. 
Firft  Family. 

Common  Dolomite.     Dolomie  of  SaufTure  *. 
Pure  or  greyilh  white,  or  yellowifh  white,  or 
light  red. 

*  40  Roz.  162. 

Luftre 
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Luftre  o,  i.  Tranfparency  i.  Fra<3ture  cori- 
choidal  or  granulatly  foliated. 

Hardnefs  from  8  to  9.  Spec.  grav.  from  2,85 
to  2,862. 

It  effervefces  flowly  with  acids  unlefs  pulve- 
rized. 

Does  not  wither  by  expofure  to  the  atmd- 
fphere.  Phofphorefces  by  collifion  either  againft 
each  other,  or  on  being  fcraped  by  a  knife ;  but 
this  property  is  not  found  in  all  of  them.  Duly 
calcined,  it  lofes  0,46  or  0,47  of  ics  weight,  and 
5s  converted  into  lime*.  Ejy  the  analyfis  of  Mr. 
SaufTure,  the  younger,  100  parts  of  it  contain 
44,29  of  calx,  5,86  argill,  1,4  magnefia,  0,074 
iron,  and  46,1  of  fixed  air. 

Hence  we  fee  that  the  lime  in  this  flone  is 
united  to  a  much  greater  proportion  of  fixed  air 
than  in  other  limeitones;  loo  parts  lime  in  Car- 
rara marble  take  up  86  of  fixed  air,  but  in  this 
flone  100  parts  lime  take  up  above  100  parts  of 
fixed  air.  Does  not  this  proceed  from  its  con- 
taining an  excefs  of  the  carbonic  principle  ? 

Mr.  Dolomieu  has  the  merit  of  having  firft 
drawn  the  attention  of  mineralogifts  to  this  fort 
of  limeftones.  Hence  Mr.  Saufiure,  junior,  has 
diftinguilhed  it  by  the  name  of  this  juflly-cele- 
brated  Geologift.  His  analyfis  is  replete  with  many 
hew  and  important  obfervations. 

In  i  Bergm.  I,  for  1792,  p.  218,  we  find  alfo 
a  yellowifh  fpar  mentioned,  whofe  form  is  tabu- 
lar and  expanded,  confifling  partly  of  granular 
and  partly  lamellar  diftindt  concretions,  which 
eflfervefce  very  flowly  with  acids.  See  alfo  Vcight, 
Mineralogilch,  Abhandl.  54. 

*  HQZ.  39,  5- 

Second 
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Second  Variety. 

JLlaftk  Marble  *. 

Colour  fomewhat  yellowifh  white*  Surface 
rough  and  uneven. 

L,uft»-e  I.  Transparency  I.  Fra&ure  verging 
from  the  compact  to  the  .granuLiriy  foliated. 
Haninefs  from  6  to  7,  britde.  Spec.  grav.  2,836. 

When  its  length  exceeds  i:  or  12  times  its 
thicknefs,  it  is  flightly  flexible  and  very  percep- 
tibly el^ftic. 

It  phofp'.'orefces  when  ftruck  in  the  dark,  or 
when  laid  on  red  hot  iron. 

It  ablorbs  about  ^v  of  its  weight  of  water 
heated  to  70°  in  -l  of  an  hour;  fpec.  grav.  is 
then  2,850. 

It  effervefces  and  diflblves  in  acids  ftill  more 
flowly  than  the  former  variety. 

By  the  analyfis  of  Mr.  Sautiure,  junior,  it  con- 
tains 0,322  of  calx,  0,175  argill  and  iron,  0,0 g 
mica,  0,0035  magnrfia,  and  0,4658  fixed  air. 
Note,  the  iron  fcarctly  exceeds  ,4-5-  °f  the  who'e* 
Here  alio  we  fi.id  the  pure  calcareous  part  highly 
fuperfaturated  with  fixed  air:  for,  as  32,  i:  46,38 
:  :  ico:  14.4.+ 

It  was  firft  obferved  in  the  Porghefe  pal  ice  at 
Rome,  and  lately  on  Mount  Gothard  in  Swifler- 
land. 

*  41  Roz.  86,  by  Mr.  Fleuriau  de  Belvue. 

i  Ob- 
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Obfervations. 

Any  ftone  of  a  fine  grain,  confiderable  hard- 
nefs,  and  which  admits  of  a  good  polifh,  is  in 
general  called  marble ;  but  this  denomination  is 
now  moftly  confined  to  aerated  limeftones. 

White  marbles,  and  tranfparent  fpars,  are  reck- 
oned the  pureft  of  the  aerated  fpecies,  and  among 
the  former  that  of  Faros  and  Carrara ;  but  this 
laft  we  have  feen  to  contain  a  flight  proportion 
of  argill  and  mountain  cryftal ;  and  lome  parts 
of  its  immenfe  beds,  I  am  informed,  are  remark- 
ably replete  with  filiceous  particles.  Expofed 
to  a  heat  of  700°  Fahr.  for  feveral  hours,  it  lofes 
but  ^-e-a-  of  its  weight,  therefore  contains  fcarcely 
any  water.  41  Roz.  96. 

The  white  marble  of  Stannovai,  near  Cathar- 
inenburg  in  Siberia,  contains,  according  to  Mr. 
Georgi,  93  per  ct.  of  mild  calx,  6  of  filex,  and 
i  of  argill.  It  is  the  fame  as  that  brought  to 
Paris  by  Abbe  de  la  Chappe.  Spec.  grav.  2,7 1 85, 
per  Briflbn.  Abbe  Poda  is  faid  to  have  difco- 
vered  in  it  a  portion  of  aerated  barytes.  i  Raab, 
287. 

Black  marble  frequently  contains  iron ;  in  that 
ufed  in  Paris,  Mr.  Bayen  detected  5  per  ct.  of 
iron ;  but  it  derives  its  colour  from  bitumen  moft 
probably,  for  it  affords  a  white  lime,  n  Roz. 
496.  The  fpec.  grav.  of  fine  Italian  marble  is 
2,712. 

The  Chinefe  founding  ftone,  called  Hipn  Che, 
or  Calcophonos  of  Pliny,  is  of  this  fpecies. 
The  Duke  de  Chaulnes  has  Ihewn  it  to  confift  of 
calcareous  earth,  with  bitumen  and  iron.  It  has 

much 
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hiuch  the  appearance  of  bafalt,  6  Mem.  Chin. 
Thorough  black  marble  is  very  fcafce.  Some 
black  marbles  will  not  melt  even  by  the  aid  of 
pure  air,  others  will.  Ehrm.  §  210. 

Grey  marbles,  or  limeftones,  appear  to  be 
the  lighteft.  I  found  the  fpec.  grav.  of  a  grey 
marble  from  Saxony  only  2,700.  It  contained 
42  per  ct.  of  an  ill  frnelling  fixed  air. 

Pale  red  limejlones,  I  believe,  are  moftly  dolo- 
mites. One  from  Tiwdi  in  Finland  afforded 
Mr.  Georgi  96  per  ct.  of  mild  calx,  i  of  filex, 

1  of  argill,  and   i   of  iron.     It   gave  fire  with 
fteel,  effervefced  with  acids  very  flowly,  and  pre- 
fented  a  fradlure  like  quartz,      i   A6t  Petrop. 
1782,  276. 

Tellow  orange  marbles  are  much  lighter ;  the 
fpec.  grav.  of  that  of  Arragon  is  2,678,  of  old 
Caftile  2,691,  of  that  of  Loyola  2,709,  of  that 
of  Lamancha,  which  feems  compofed  of  mi- 
nute globules,  2,750,  of  the  yellow  marble  of 
Sienna  2,677,  Brijfin*  It  was  found  by  Mr. 
Georgi  to  contain  93  per  ct.  of  mild  calx,  3  filex, 

2  argill,  i  magnefia,  and  i  calx  of  iron. 
GREEN  MARBLES  are  faid  to  be  very  fcarce: 

according  to  Rinman,  §  206,  they  derive  their 
colour  from  Ihorl ;  hence  they  are  generally  fu- 
fible,  Ehrm.  §  210.  The  fpec.  grav.  of  green 
campan  is  2,741. 

Blue,  or  deep  blue,  is  certainly  the  rareft  co- 
lour among  marbles ;  that  of  Carrara,  called  Bar- 
diglio,  has  its  fpec.  grav.  2,713.  The  dove-co- 
loured or  greyifh  blue  is  very  common ;  that  of 
Goroiodfchit,  in  the  Ouralian  ridge  of  Cathari- 
nenburgh,  contains  by  Mr.  Georgi's  account  86 
per  ct.  mild  calx,  4  filex,  3  argill,  6  magnefia,- 
and  i  calx  of  iron. 

I  2  Violet 
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Violet  marbles  or  limeftones  vary  much  in  den- 
fity;  that  of  the  violet  marble  of  Valentia  is 
2,656,  or  2,680  i  that  of  Matfra,  near  Lifbon, 
2,723  ;  that  ot  Rome  2,755. 

The  variegated  marble  of  Florence  owes  its 
dentritical  figures  to  manganefe.  i  Chy.  Ann. 

I785.57- 

The  marble  called  Lumachelti,  found  at  Bley- 
berg  in  Carinthia,  owes  its  fplendour  to  (hells 
agglutinated  by  a,  grey  or  brown  calcareous  mat- 
ter with  argill  and  iron. 

Befides  the  chara&ers  arifing  from  texture  and 
colour,  there  are  other  dillinctions  arifing  from 
compofition,  which  are  of  confiderable  import- 
ance for  ceconomical  purpofes ;  for  inftance,  the 
diftin£tion  of  fat  and  meagre  limeftones,  as  the 
workmen  call  them. 

The  fat,  or  thofe  which  being  converted  into 
lime  take  up  the  greateft  quantity  of  fand, 
are  much  elteemed  by  mercenary  architects,  as 
fand  is  the  cheapeft  ingredient. 

Meagre  lime  takes  up  lefs  fand,  yet  forms  a 
harder  mortar  even  in  water.  Mr.  Smeaton  re- 
marked, that  all  (tones  which  afford  a  buff-co- 
loured lime  are  of  this  fort.  Eddy  (tone,  §  171. 
So  alfo  are  thofe  that  afford  a  dark  or  blackifh 
lime,  according  to  Mr.  Bergman,  who  firft  dif- 
covered  that  this  property  proceeded  from  the 
manganefe  contained  in  the  lime,  2  Berg.  229. 
It  is  however  faid,  that  a  certain  proportion  of 
lilex  and  iron  pre-exifting  in  the  ftone  contributes 
not  a  little  to  this  property,  a  Sauff.  115,  140; 
and  much  I  believe  depends  on  the  (late  in  which 
the  iron  exifls  in  it,  as  (hall  be  feen  in  treating 
of  Pouzzolana.  Of  the  (lones  in  which  this 
property  has  been  principally  noticed,  authors 

have 
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have  given  but  a  very  imperfeft  defcription.     I 
muft,  therefore,  repeat  it  in  their  own  words. 

i.  The  Stone  of  Lena  in  Upland,  mentioned 
by  Mr.  Bergman,  is  grey,  mixed  wi<h  greenifh 
white  particles,  and  very  hard  ;  generally  invefted 
with  the  brown  calx  of  manganeie.  It  lofes  0,39 
of  its  weight  by  calcination,  and  affords  a  brown 
lime.  I  believe  all  limeftones  invefted  with  a 
brown  cruft  are  capable  of  producing  the  fame 
effed:.  The  prefence  of  manganeie  is  difcovered 
by  melting  theie  (tones  with  double  their  weight 
of  nitre;  the  manganefe,  if  any  there  be,  will 
leave  a  green  trace  on  the  fides  of  the  crucible. 

2.  A  dark  grey,  compact,  and  exceeding  hard 
ftone,  from  Biion  in  Burgundy,  prefenting  in  its 
fiflures  tome  brown  friable  matter.     It  lol'e?  0,39 
of  its  weight  by  calcination.     2   Mem.  Dijon, 

*7S3»  93- 

3.  AJky-blueJlone,  with  fhining  particles,  found 
at  Aberthaw,  in  Glamorganfhire,  gives  a  buff- 
coloured  lime,  and  contains  about  12  per  ct.  of 
a  bluifh  clay,  which  reddens  when  calcined. 

Meagre  lime  is  reckoned  the  worft  for  manure. 

All  limeftones,  as  we  have  feen,  contain  fixed 
air.  Fixed  air  is  now  known  to  confift  of  pure 
air  and  charcoal,  or  the  carbonaceous  principle, 
moft  probably  in  the  proportion  of  72  of  the 
former  to  28  of  tne  latter;  but  limeftones  are  as 
antient  as  the  creation ;  therefore,  fince  they  al- 
ways contained  fixed  air,  charcoal  mull  allb  have 
been  an  original  principle,  and  being  fb,  it  moft 
probably  enters  into  many  compofitions  in  which 
it  has  not  been  hitherto  iufpected.  Over  and 
above  that,  combined  with  pure  air,  it  certainly 
ex'uts  in  fhdis  with  which  compact  limeftones 
abound,  and  I  believe  in  ail  linjeftoncs  of  the 
I  darker 
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darker  colours.  It  is  certain  that  all  thefe  ftones 
emit  a  bituminous  fmell  by  fri&ion,  and  many 
of  them  contain  other  traces  of  bitumen ;  now 
bitumen  effentially  contains  the  carbonaceous 
principle ;  hence  we  fee  that  lime,  formed  in 
clofe  veflels,  is  never  perfectly  white,  for  the 
coaly  principle3  remains  unconfumed,  that  is,  un- 
combined  with  pure  air,  with  which  in  clofe 
veffels  it  cannot  come  in  contaft.  Is  it  not  from 
coal  thus  exifting  in  lime  that  the  mephitic  air 
proceeds,  which  Dr.  Prieftley  obferved  to  fucceed 
the  production  of  fixed  air  ?  for  charcoal  is 
known  to  abforb  and  retain  mephitic  air.  6  Pr. 
226.  Hence  alfo  Dr.  Higgins  found  that  Ty  part 
of  the  air  yielded  by  limeftones  is  mephitic  air, 
On  Cements,  8. 


loth  Species, 
Combined  with  the  vitriolic  acid. 

Gypfum.     Seknite. 

It  is  foluble  in  the  temperature  of  60°  in  about 
500  times  its  weight  of  water ;  but  to  effect  this 
folurioa  in  a  moderate  fp'ace  of  time,  it  is  requi- 
fite  that  the  gypfum  be  prefented  in  the  ftate  of 
fine  powder,  otherwife  it  will  be  very  flowly 
effefted ;  but  in  boiling  water  much  more  of  it 
may  be  diflblved,  which  will  precipitate  on  cool- 
ing fo  that  no  more  than  ^^  or  ^4-0-  W*M  remain 
in  folution.  The  calcareous  earth  is  precipitable 
by  cauftic  fixed  alkalis,  but  not  by 
2,  the 
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the  cauftic  volatile;  and  the  filtered  folution 
affords  tartar  vitriolate,  or  Glauber's  fait. 

When  pure,  it  does  not  effervefce  with  any 
acid,  and  is  fcarcely  foluble  in  any  of  them,  ex- 
cept the  concentrated  vitriolic,  which,  when 
heated,  and  particularly  when  boiling,  takes  a 
large  proportion  of  it  *.  Per  Morveau,  1 8  Roz. 
302. 

Artificial  gypfum,  fo  far  dried  as  to  retain  its 
glafly  appearance,  contains  34  per  ct.  of  mere 
calx,  48  of  the  ftrongeft  vitriolic  acid,  and  18 
of  water.  Mr.  Lavoifier  found  9  parts  natural 
gypfum  to  afford  by  diftillation  2  of  water  -f", 
which  agrees  very  nearly  with  my  determination 
of  that  contained  in  the  artificial :  but  fome  forts 
of  gypfum  contain  a  mixture  of  mild  calx,  which 
is  foreign  to  their  conftitution,  and  therefore 
effervefce  with  acids.  This  fort  of  gypfum  feems 
to  have  been  formed  by  precipitation  from  fome 
other  acids,  and  its  proportion  of  ingredients  is 
different  from  that  found  in  the  former,  as  I  have 
elfewhere  Ihewn.  Moft  gypfums  alfo  contain 
about  2  per  ct.  of  iron,  and  feveral,  more ;  be- 
lides  a  fmall  proportion  of  filex  and  argill. 

The  eafieft  method  of  decompofing  gypfum  is 
to  boil  it  in  a  folution  of  mild  alkali. 

In  a  clay  crucible  gypfum  melts  at  about  1 30° 
Wedgewood,  but  it  is  infufible  on  coal  or  in 
chalk  crucibles.  By  a  blow-pipe  it  may  be  re- 
duced to  a  globular  form,  if  the  blue  flame  plays 
on  the  edges  of  the  lamellas,  becaufe  the  acid  is 

*  Yet  Beaume  fays  that  dilute  vitriolic  acid  diffolves  TT^ 
of  its  weight  of  gypfura,  i  Beaume,  273 ;  and  that  dilute 
nitrous  acid,  and  marine  acid  alfo,  and  vinegar  diflblve  it  ai 
water. 

f  Mem.  Scav.  Etrang. 

I  4  then 
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then  convert  into  fu  ph  n\  MaquT  found  the 
pureit  gypfum  invrr.fi  :ble  by  folar  heat ;  that  of 
Klonmartre  fceirted  10  yield,  but  probably  was 
nn*  pure.  Even  the  hea-  excited  by  puie  air,  if 
continued  lung  t  nongh  to  diffiparc  the  acid,  can- 
not virrKy  if ;  and  a-  the  experiments  on  it!-  fu- 
fion,  by  iV^r.  Lavnilier  and  Ehrn.in  were  mafic 
on  gyptum  lyirg  on  charcoal,  it  is  probable  -fs 
fufibiiiry  even  then  proceeded  *rom  fhc  conv«*rficn 
of  the  acid  into  fulphur;  vet  '"iriu  aiu.rs  it  is 
full  !e  by  pure  air  when  held  in  a  t"iig> 

When  powdered  and  hi  e  •  h  •  .  below  ig- 
nition, it  undeigoes  a  mo? ion  fimilar  to  that  of 
ebullition  fro-n  tne  eruption  ot  the  water  of  cnf- 
tallizaMon  ,  if  rt;ken  up  as  foon  as  rhis  motion 
ceafes,  and  then  iprtnkled  over  with  water,  it 
foon  concretes  and  hardens  by  re -afluming  and 
cryftallizing  with  the  water  it  hait  loth 

Its  hauinefs  is  front  4  to  .,;,  and  its  fpec.  grav. 
according  to  Brilfon,  from  2,167  to  2,311;  if 
higher  it  is  impure:  but  he  feems  not  to  have 
feen  a  Hghrer  lorr,  u-hich  is  called  alabafter  \\hofe 
fpcc.  grav.  by  the  tria  s  of  the  i  hilofophical  So- 
ciety ot  <  )xtord3  and  of  Mr.  Ward,  is  1,872, 
Mr.  Briflbn  applies  the  term  ajabafter  only  to 
certain  calcareous  fpars,  following  Mr.  D'Auban- 
ton,  in  Mem.  Par.  175+. 

Of  this  fpecies  I  diilinguifli  4  families :  The 
Farinaceous ;  The  Compact  ;  The  Hbrous,  or 
ftiiated  ,  and  Ihe  Foliated. 

I  ft  Family. 
Fjriuactous  Gypfum. 

White".  Luftre  o.  Tranfparency  o.  Of  the 
confiitence  of  meal.  Will  not  iorm  an  adhefive 

coneretiori, 
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concretion,  as  hair  powder  does,  without  being 
weued  Feels  dry  and  meagre.  Is  not  gritty 
between  the  teeth.  Scarcely  finks  in  water,  and, 
when  it  does,  becomes  ilimy.  Slightly  effervefces, 
but  is  fcarcelv  diflblved  by  nitrous  acid.  When 
heare-'  a  little  below  rednefs,  becomes  of  a  daz~ 
zhng  white.  Lazius,  238. 

2d  Family. 

CompaR  Gypfum.  Dichter  Gypftein  of  Werner. 
AlabaOer. 

(jrevifh  or  yellowifli  white,  or  yellowifti  grey, 
or  bluiih  grey,  or  greenifh  grey,  or  olive  green, 
or  wine  or  honey  yellow,  or  light  or  dark  red. 
Thefe  colours  often  meet  in  the  fame  fpecimen 
in  (pots,  ftripes,  or  veins ;  brown  fpots  alfo  often 
occur. 

Luftre  i  or  o.     Tranfparency  2,  i,  o. 

Fridure  compact,  moftiy  fplintery,  fometimes 
paffing  into  the  tine-grained  foliated.  Fragments 
i  or  o.  Hardnefs  4.  Spec.  grav.  from  1,872  to 
2,288.  Feels  dry,  but  not  harfh.  Does  not  de- 
crepitate when  heated.  Often  effervefces,  though 
{lightly,  with  acids,  probably  from  a  mixture  of 
aerated  calx. 

Mr.  Nadault  found  3lb.  of  gvpfum  to  contain 
36  grains  of  nitre  befide  common  fair,  2  Buffon, 
Mineralogie,  8vo.  p.  yp;  but  this  is  merely 
cafual. 

The  fpecimen,  Leflce,  O.  1547,  is  white;  its 
fpec.  grav.  2,347  :  but  the  fpecimen,  O  1548, 
efferveicts  Imartly,  though  for  a  fhort  time:  its 
fprc.  grav.  is  2,315.  Hence  we  fee  that  the 
mixture  of  unfaturated  calx  renders  it  heavier. 

6  The 
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The  fpecimen,  Lefke,  O.  1551,  is  hard  as  6 
or  7.  Spec.  grav.  2,939.  It  is  faid  that  it  is  in- 
timately mixed  with  fwine-ftone;  but  this  does 
not  explain  the  reafon  of  its  remarkable  denfity  ; 
perhaps  it  contains  flronthian  inftead  of,  or  with, 
common  calx  ;  but  as  it  does  not  effervefce  with 
this  is  alfp  doubtful. 


3d  Family. 
Fibrous,  orjlriated. 

White,  or  greyifh,  yellowifb,  or  reddifh  white, 
often  grey  or  flefli  red,  or  honey  yellow.  Some- 
times  thefe  colours  meet  in  ftripes. 

Luftre  2,  3.  Tranfparency  2,  i,  3.  Fra&ure 
fine  or  coarfe,  fibrous  or  flriated,  the  fibres,  &c. 
generally  ftraight  and  parallel,  yet  fometimes 
bent.  Fragments  long  fplintery  i.  Hardnefs  4, 
brittle.  Spec.  grav.  2,300. 

Does  not  decrepitate  when  heate.d  ;  never  effer- 
vefces  with  acids  ;  when  polifiied,  becomes  iridef- 
cent.  i  Raab,  346. 

The  fpecimen  in  Lefke,  O.  966.  is  much  har- 
der ;  it  does  not  yield  to  the  nail. 

4th  Family. 
Foliated. 

Of  this  there  are  two  varieties,  the  fmall 
grained  and  fparry,  and  broad  foliated. 


ift  Va- 


Gypfum.  123 


i  ft  Variety. 

Granularly  foliated.  Blattriger  gypftein  of 
Werner. 

Greyifti  or  yellowifh  white,  or  yellovvifh,  bluifh, 
or  greenifh  blackifh  grey,  or  light  or  dark  flefli 
red,  or  brown,  or  olive  green. 

Luftre  2,  3.  Tranfparency  2,  3.  Fracture 
foliated,  ftraight,  but  moftly  fomewhat  curved. 
Fragments  o,  t.  Prefents  fine  and  coarfe  grained, 
often  ftraight  or  curved  diflindt  concretions.  The 
fine  grained  eafily  crumble  and  feparate  like  fand- 
ftones. 

Hardnefs  4,  3.  Spec.  grav.  from  2,274  to 
2,310.  Feels  foft. 

This  and  the  compact  are  frequently  mixed, 
and  pafs  into  each  other,  and  (though  rarely)  the 
fibrous  and  foliated  meet  and  interfecl:  each  other 
at  right  angles. 

The  fpecimen,  Lefke,  O.  1552,  varies  much 
from  this  defcription,  for  its  hardnefs  is  from  6 
to  7,  its  fragments  3,  and  its  fpec.  grav.  2.900. 
It  effervefces  briikly  with  acids.  Its  fraclure 
partly  fine  fplintery,  and  partly  foliated.  It  is 
evidently  impure,  though  its  colour  is  nearly 
pure  white. 

Many  (tones  of  this  family  may  eafily  be  mif- 
taken  for  limeftones  without  much  attention. 
See  the  Specimen  in  Lefke,  S.  620,  621. 

2d  Variety. 

Broad  foliated.  Specular  gypfum.  Fraueneis 
of  Werner.  Glacies  Marias. 

Grey, 
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Grey,  or  yellow'fh  g-ey,  fometimes  falling 
into  the  paie  yellow. 

It  is  found  amorphous,  or  cryftallized  into 
hexagonal  prifms,  terminating  in  an  edge,  or  in 
rhomboids,  or  cuneiform,  tabular,  or  lenticular. 

In  the  cryftallized,  the  planes  which  form  th« 
acute  angles  are  iheaked  longitud.nally,  thofc 
that  form  the  obtufe  are  fmooth. 

Luftre  glaffy,  4,  ?,  2.  Tranfparency  4,  3. 
Fracture  ftraight,  or  curved  foliated. 

Hardnefs  4.     Spec.  gr.  2,3 1 1. 

It  is  often  penetrated  with  fwineftone  (as  it  is 
iaid),  which  diaiinilhes  its  tranfparency,  and  gives 
it  a  difagreeable  fnu  'I  when  rubbed.  Karilen  on 
Leike,  293.  Maquart,  ^34. 

It  is  found  in  great  plenty,  and  of  an  extraor- 
dinary fize,  in  Kuffia,  if  we  may  credit  Mr. 
Guettard,  Mem,  Par.  1762,  p.  861,  Bvo,  and 
Mr.  Maquart,  p.  403,  both  of  whom  have  tra- 
velled into  that  empire :  it  is  there  ufed  inftead 
of  glafs  for  window  panes;  nevertheleis,  Mr. 
Karilen  affures  us  this  is  abfolutely  falfe. 

Gypfwm  mixed  with  marl  is  often  found  in  a 
flaty  form.  Of  this  fort  is  the  fpecimen,  Leike, 
S.  259.  its  colour  is  bluilh  grey,  and  greyilh 
bla<:k.  I.ulre  and  tranfparency  o.  Fradture 
flaty.  Fragments  3.  Hardnefs  7.  Spec.  grav. 
2;4J3.  Heated  to  rednefs,  it  becomes  reddilh 
white.  As  the  fpec  grav.  is  fo  low,  I  prefume 
the  gypfum  predominates  Sometimes  it  is  mixed 
with  the  fmall  toliited,  as  in  Leike,  O.  26;  thQ 
lamellae  are  coarfe  and  more  imperfect. 


1 1  th  Species. 
Combined  with  the  fparry  acid. 


Fluor. 
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Fluor.     Plus  of  Werner. 

This  (lone  is  nearly  infoluble  in  water.  It  does 
not  eifervefce  with  any  acid,  except  the  concen- 
trated vitriolic  acid,  and  with  that  but  feebly. 
The  nitrous  and  marine  acids,  in  the  common 
temperature  of  the  attnofphere,  are  not  abfolutely 
inert  with  refpedt  to  it,  but  fcarcely  diflolve  it 
without  decompofition.'  It  is  inioluble  in  the 
acetous. 

In  a  moderate  heat,  it  decrepitates ;  and  if 
pulverized,  phofphorefces,  particularly  the  blue 
or  purple  coloured;  but,  if  heated  to  rednefs,  it 
will  never  after  phofphorefcc.  In  a  neat  ot  1 30° 
of  VVedgewood  it  melts  in  clay  crucibles  01,  but 
lefs  perfectly,  in  thofe  of  chalk,  but  on  charcoal 
very  imperfedly.  By  concentrated  fol  -r  heat,  or 
that  given  out  by  pure  air,  it  melts  into  a  button, 
which  is  generally  white  and  opake  when  cold  ; 
if  that  heat  be  long  continued,  it  becomes  kfs 
fufible.  Hence,  in  the  heat  of  our  furnaces,  it 
does  not  part  with  its  acid. 

If  it  be  diftilled  in  glafs  or  earthen  vefiels  with 
the  mineral  acids,  it  emits  an  acid  air,  which 
corrodes  the  veflels,  and  depofits  a  filiceous  crull 
on  the  water  in  the  receiver,  which  abforbs  this 
air;  this  is  the  moft  certain  characteriftic  of  the 
acid.  The  vitriolic  concentrated,  and  taken  in 
equal  weight  with  the  ftone,  is  the  acid  moft 
ulually  employed;  a  gypfurn  then  remains  in 
the  retort. 

Hardnefs  from  7  to  8.    Spec.  grav.  3,09  to 

3*1?- 

joo  Parts 
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100  Parts  of  this  flone  contain  about  57  of 
calx,  the  remainder  acid  and  water,  in  a  propor- 
tion not  yet  accurately  determined,  and  a  fmall 
proportion  of  argill,  filex,  and  iron,  with  Ibme 
traces  of  marine  acid,  and  fometimes  of  cobalt. 

Againfl  the  exiflence  of  rhe  fparry,  as  of  an 
acid  fui  generis,  many  difficulties  were  ftarted 
foon  after  its  difcovery  by  fome  French  chemiftsj 
difguifed  under  the  name  of  Boulanger,  and 
afterwards  by  Mr.  Achard  and  Mr.  Monnet.  To 
remove  thele,  Mr.  Scheele  inflituted  a  new  feries 
of  experiments,  which  not  only  imprefied  the 
fulleft  conviction  of  the  object  they  were  meant 
to  illuftrate,  but  once  more  dilplayed  the  unri- 
valled abilities  of  the  illuftrious  difcoverer,  and 
the  infinite  reiburces  of  his  art.  Sorry  1  am  to 
add,  that,  fince  the  death  of  this  admirable  man, 
a  man  as  eminent  in  the  chemical  as  Newton  in 
the  mathematical  branch  of  natural  philofophy, 
Mr.  Monnet  has  thought  proper  to  renew  his  at- 
tacks in  a  ftyle  of  haughtinefs  and  acrimony  that 
infpires  infinite  difguft.  The  fallacy  of  his  rea- 
foning  is  fufficiently  expofed  by  Mr.  Leonhardi> 
in  the  6th  volume  of  his  late  learned  edition  of 
Maquer's  Di&ionary. 

Of  this  fpecies  we  have  3  families  :  The  Sandy ; 
The  Compatt ;  and  like  Foliated^  or  Sparry. 


ift  Family. 
In  afandy  or  earthy  form. 

This  has  been  found  only  at  Kobola  Poiana,  in 
the  diftrift  of  Marmaros,  in  Hungary.     It  is  of 

a  light 
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a  light  grey  colour  and  loofe  confidence ;  when 
flrewed  on  an  iron  plate  heated  a  little  below 
rednefs,  it  diffufes  a  blue  or  pale  yellow  phofpho- 
ric  light.  According  to  the  experiments  'of 
Klaproth  and  Gmelin,  it-  contains  the  flu  or  acid 
fingly,  and  not  the  phofphoric  *.  Mr.  Pelletier 
found  100  parts  of  it  to  contain  31  of  filex,  21 
of  calx,  15,5  argill,  28,5  fparry  acid,  i  of  phof- 
phoric acid,  and  i  of  iron.  In  an  unconnected 
fubftance  of  this  fort,  different  fpecimens  muft 
undoubtedly  contain  different  proportions  of  in- 
gredients, among  thefe  the  filex  is  evidently  ad- 
ventitious, the  phofphoric  acid,  being  in  fuch 
fmall  quantity,  may  be  found  in  fome  fpecimens, 
and  not  in  others.  Mr.  Haflenfratz  difcovered  vef- 
tiges  of  it  in  moft  fluors  -f. 

ad  Family. 
Compafl. 

Whitifli  grey,  and  thence  paffing  into  the  ver- 
digris green.  Luftre  i,  2,  o.  Tranfparency  2, 
i.  Fracture  fplintery  or  even.  Hardnefs  8, 
very  brittle.  Spec.  grav.  from  3,12  to  3^165. 

3d  Family. 
Foliated,  or  fparry.     Fluor  fpar. 

Its  colours  are  very  numerous,  pure  and  green- 
iih  white,  or  yellowilh  or  reddim  white,  or  grey 

*  i  Chym.  Ann.  1787,  $1.    i  Ditto,  1791,  197. 
t  9  Ann.  Chy,  225, 

or 
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or  bluifli  grey,  or  light  or  violet  blue,  or  grafs, 
leek,  or  olive  green,  or  dark  red  verging  to  pur- 
ple, or  purple  inclining  to  black,  or  wine  or 
honey  yellow,  or  yellowilh  brown.  Many  of 
theie  occur  often  in  fpots,  blotches,  or  veins 
pervading  the  mafs  of  one  and  the  lame  fpecimen. 

It  is  found  either  amorphous  or  cryftallized  : 
the  moft  ufual  of  the  cryitallized  forms  is  that  of 
a  perfect  cube,  the  angles  or  edges  rarely  trun- 
cated or  bevilled  i  thele  laft  have  fometimcs  con- 
cave planes.  The  oclohsedral  form  is  alfo  fome- 
times  met  with.  See  Mr.  Rome's  defcriptions. 

Its  furface  moflly  fmooth,  and  frofted  over 
with  minute  cryftals. 

Luftre  2,  3.     Tranfparency  2,  3,  4. 

Fracture  foliated,  generally  flraight,  feldorn 
curved  ;  fome  parts,  however,  are  found  fplin- 
tery,  as  if  paffing  into  rhe  compact. 

Fragments  tend  to  the  form  of  triangular  or 
quadrangular  pyramids,  prefent  coarfe  or  fmall 
grained,  feldom  prifmatic,  diitinct  concretions. 

Hardnefs  8,  very  brittle.  Spec.  grav.  3,09 
to  3jI9»  tnat  °f  tne  fpecimen,  Leike,  O.  1613, 
is  3,i54» 


Species. 
Combined  with  the  phofphoric  acid. 

PhofpboHte, 

It  is  nearly  infoluble  in  water. 

It  is  attacked  by  the  concentrated  vitriolic  fre- 
quently with  fome  effervefcence,  but  it  is  rather 
decompofed  than  diffolved;  and  the  felenite  de- 
pofited  foon  protects  the  greater  part  of  the  phof- 
pholite  from  the  action  of  this  acid. 

It 
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It  is  foluble  in  the  nitrous  and  marine  acid, 
fometimes  with  fcarcely  any  effervefcence.  In 
the  latter  it  often  appears  gelatinous.  It  is  info- 
luble  in  the  acetous.  If  to  a  folution  in  thefe 
acids  the  vitriolic  be  added,  a  felenite  will  preci- 
pitate; and,  the  filtered  folution  being  evapo- 
rated, and  the  felenite  depofited  during  evapora- 
tion removed,  the  liquor,  farther  evaporated, 
will  aiTume  the  confidence  of  honey ;  and,  being 
mixed  with  as  much  charcoal  as  gives  it  the  form 
of  a  powder,  and  diftilled,  a  phofphorus  will 
pafs. 

By  a  moderate  heat  or  trituration  it  phofpho- 
refces,  but  by  a  flronger  heat  it  lofes  this  pro- 
perty. If  reduced  to  powder  it  will  not  decre- 
pitate, which  it  does  when  in  larger  grains.  It 
is  fcarcely  fufible  by  the  blow- pipe,  even  affifted 
by  alkali,  microcofmic  fait,  or  borax. 

It  contains  calx  and  phofphoric  acid  nearly  in 
the  proportion  of  2  to  i.  It  is  commonly  con- 
taminated with  filex,  aerated  calx,  iron,  muriatic 
felenite,  fluor  acid,  and  fometimes  manganefe  *. 
According  to  Mr.  Haufen,  cryftallized  phofpho. 
rite  becomes  electric  by  friction  with  woollen 
cloth  f. 

Its  external  characters  are  as  follow. 

i  ft  Family. 
Phofpborite.     Apatite  of  Werner. 

Colour  grey,  pearl  grey,  or  green  of  various 
degrees  of  inteniity,  mountain,  leek,  Afpara- 

*   i  Eergm.  I.  1788,  294.     a  Ann.  Chym.  94. 
2  Berg.  I.  1790,  254. 

K  gus, 
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gus,  or  olive,  or  clove  brown,  or  intermediate 
between  the  flefh  and  rofe  red,  or  light  or  deep 
blue,  or  purple  or  iridefcent ;  two  of  thefe  co- 
lours often  meet  in  the  fame  fpecimen.  That 
found  in  Spain  is  generally  grey;  the  other  colours 
are  more  trcquent  in  Germany. 

In  Spain,  it  is  found  in  extenfive  ftrata  forming 
intire  mountains  ;  thefe  ilrata  offer  vertical  flatted 
llrije  heaped  on  each  other,  and  often  interjected 
with  quartz*.  Sometimes  alfo  cryftallized  in 
Germany,  and  of  a  greeniih  colour,  in  Saxony, 
it  is  found  in  low  hexahcedral  prifms  with  trun- 
cated edges  and  angles,  the  planes  of  the  fides 
longitudinally  feamed,  or  in  hexangular  tables 
heaped  one  on  the  other. 

kxternal  luftre  2,  3,  Internal  3,  2.  Tranf- 
parency  ?,  2,  4. 

its  crofs  fradturc  foliated  ;  its  longitudinal  un- 
even, fine-grained,  or  tending  to  the  conchoidal  -J-. 
Fragments  2. 

Hardnefs  from  6  to  7,  brittle.  Spec.  grav.  of 
the  wbitijh  foi t  found  in  Spain,  before  it  has  ab- 
forbed  water,  2,8249;  a^ter  abforption,  2,8684, 
7  Ann.  Chy*  82  •,  ot  the  greeniili,  found  in  Spain, 
3,098,  2  Berg.  I.  1790,  75;  cf  that  found  in 
Saxony,  3,218,  Ibid.  76.  The  greeniih  cryftals 
have  oicen  been  miftaken  for  cryfolites,  fome  * 
times  for  berylls,  and  fometirnes  for  aigue  ma- 
rines. Ibid. 

The  greenim  cryftals,  whofe  fpec.  grav.  is  3,098, 
do  not  phofphorefce  when  heated,  nor  decrepitate 
as  fpars  do,  and  diflblve  in  nitrous  acid  with  a  weak 
effervefcence.  Per  Werner,  2  Berg.  I.  1790,  75. 

*  3--  Roz.  342. 

f  i  Ecrgm.  1.  1788,  89.     2  Bergm.  I.  1790.  75. 

6  I  find 
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I  find  he  now  calls  them  fpargel  ftem;  as  the 
phofphoric  acid  has  not  yet  been  found  in  them, 
it  is  not  certain  that  they  belong  to  this  fpecies. 
Do  they  not  belong  to  that  of  ftronthian  ? 

iT>tb  Species. 
Combined  with  the  Tungftenic  acid. 

Tungsten. 

Infoluble  in  water,  and  neither  effervefces  nor 
diffolves  in  acids. 

Pulverized  and  digefted  in  a  moderate  heat, 
either  with  the  nitrous  or  marine  acid,  it  aflumes 
a  yellow  colour. 

Expofed  to  the  blow-pipe,  it  decrepitates,  but 
is  infufible.  Mineral  alkali  attacks  it  with  fome 
effervefcence,  and  borax  without  any ;  but  with 
microcofmic  fait  it  runs  into  a  bead  of  a  blue 
colour,  without  that  rednefs  by  refraction  which 
is  produced  by  cobalt. 

It  is  decompofed  by  /R.  formed  of  equal 
parts  of  nitrous  and  marine  acids  in  a  boiling 
heat.  By  repeating  this  procefs  with  frefh.  por- 
tions of  acid,  the  calcareous  part  is  at  length 
taken  up.  The  tungftenic  acid,  that  then  remains 
undhTolved,  aflumes  a  blue  colour  when  heated 
to  rednefs,  and  lofes  itsufual  yellow  colour,  beco- 
ming white  by  the  affufion  of  cauftic  volatile  alkali. 
It  pofielfes,  in  a  word,  all  the  other  properties  of 
tungftenic  acid  *. 

*  4  Berl.Beob.  3*1. 

Ka  Sjp. 
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Sp.  gr.  5^00  to  6,07.   Hard nefs  from  8  to  9. 
Of  this  foffil  there  are  a  few  varieties. 

id  Variety. 

Grey  tungsten,  Scheelium  of  Werner,  white 
Zin-Graupen  of  many. 

Colour,  whitilh  or  pearl  grey,  rarely  yellowiih 
grey. 

It  is  found  both  amorphous  and  cryftallized; 
the  cryftals  cubic,  or  aluminiform  o&ohaedral. 

Luftre,  3.  2.  Tranfparency,  2. — Fra£lure,  foli- 
ated.— Hardnefs  8  to  9.  Spec.  gr.  from  5,8  to 
6^028,  which  is  that  of  the  fpecimen  Lefke 
O.  3261. 

By  the  experiments  of  Mr.  Scheele,  whofirftdif- 
covered  the  nature  of  this  (tone,  it  contains  about 
30  per  ct.  of  pure  calx,  a  few  grains  of  filex  and 
iron,  and  the  remainder  tungftenic  acid.  Scheele, 
§.  2.  3.  Meflrs.  Eluyart  have  found  nearly  the 
feme  proportion  in  the  tungften  of  Schlacken- 
wald  in  Bohemia.  See  their  Memoir,  §  5.  in 
note. 


2d  Variety. 
Brown  tungsten  *.     GofTan  of  the  Cornifli  Miners 

Reddifh  or  yellovvifli  brown,  or  grey  mixed  with 
reddilh  or  yellowifh  brown. 

Amorphous  or  forming  a  brittle  accumulation 
of  fmall  cryitalline  grains. 

*  4Berl.  Beob.  320. 

Luftre, 
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Luftre,  2. — Tranfparency,  o. — Frafture,  un- 
even, granular,  and  partially  fplintery,  fometimes 
flaty. — Hardnefs,  8. — Sp.  gr»  5,570. — Gives  a 
powder  of  an  ifabella  yellow  colour. 

According  to  Mr.  Klaproth,  it  contains  88  per 
ct.  of  tungftenic  acid,  1 1,5  of  pure  calx,  and  -£-  a 
grain  of  argill  and  calx  of  iron. 

Note.  J  he  red  or  flefh-colured  Hone  of  Ryt- 
terflunte,  which  with  Cronfted  Ifufpedted  to  con- 
tain the  tungftenic  acid,  is  now  found  to  confift 
only  of  calx,  24  per  ct.  of  iron,  and  of  filex  22. 
See  Ferricalcites. 

This  fpecies  may  perhaps  more  juftly  be  confi- 
dered  as  an  ore  of  tungftenical  fubftance,  of  which 
we  Ihall  treat  in  the  4th  part  of  this  work. 


K3  SEC- 
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SECTION     VII. 


Earytic  Genus. 


ift  Species. 

B  AROLITE,  or  aerated  Barytes.  Witheritc  of 
Werner. 

This  fubftance,  as  found  at  Anglefark  in  Lan- 
cafhire,  is  defcribed  by  Mr,  Watt,  jun.  nearly  as 
follows : 

Its  colour  greyifh  white,  fometimes  inclining 
to  milk  white,  and  fometimes  with  a  flight  tinge 
of  yellow,  from  a  mixture  of  iron  •,  feldom  green~ 
ifh,  often  inverted  with  a  reddiih  ochry  cruft. 

It  is  found  in  foiid  mafTes,  fomerimes  filling  an 
intire  vein,  fometimes  interfpcrfed  with  baioiele- 
nite,  frequently  rounded  or  zfFecting  that  form, 
feldom  cryiiallized.  Of  the  cryfiallized  4  forms 
haveoccUFrcd.  As  i°,  fmall  cryftais  radiated  as  a 
flar,  -i  an  irch  in  length,  and  very  thin,  appear- 
ing to  be  hexangular  prjfms  rounded  towards  the 
point ;  the  other  varieties  were  the  fix-fided  co- 
lumn, pointed  with  a  pyramid  of  the  fame  number 
effaces;  alfo  rhe  double  fix-fided  and  the  double 
four-fided  pyramid, 

Luilre 
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Luftre  2.    Tranfparency  2.3. 

Fracture,  in  one  fenfe  conchoidal,  in  another 
fibrous  or  flriated,  the  fibres  converging.  Frag- 
ments, long  fplintery. 

Hardnefs  from  5.  to  6.     Sp  gr.   from   4,3  to 

4,33s- 

Effervefbes  with  acids,  and  is  foluble  even  in 

the  concentrated  vitriolic  in  a  ftrong  hear,  but 
precipitates  into  barofelenite  by  the  affufion  of 
water,  Phil.  Tran.  178  1,301,  and  18  Roz.  500. — 
It  diflblves  in  the  nitrous"  acid  1.4  when  diluted 
with  5  times  its  weight  of  water. — And  in  fp,  of 
fait  whofe  fp.  gr.  is  1,034, — It  does  not  decrepi- 
tate when  heated,  but  lofes  its  tranfparency,  and, 
when  viewed  againft  rhe  light,  appears  bluiih 
green. — It  will  nor  lofe  its  air  nor  burn  ro  lime  in 
the  ftrongeft  heat,  but  is  rather  difpofed  ro  melt 
where  in  contact  wirh  rhe  crucible;  whereas  arti- 
ficial baryfes  eafily  burns  to  lime,  probably  be- 
caufe  it  contains  more  water.  It  will  not  melt 
even  in  the  heat  given  out  by  pure  air,  as  Mr. 
Lavoifier  attefts. — Fourcroy  found  it  foluble  in 
4304  times  its  weight  of  water  in  the  temperature 
of  the  atmofphere,  but  it  required  only  2504 
times  its  weight  of  boiling  water.  4  An,  C^V- 
64.—  According  to  Dr.  Withering  100  parts  of 
it  contain  20  of  fixed  air  *;  according  to  Fovircroy 
only  10.4.  An.  thy.  65.  Dr.  Withering's  deter- 
mination however  ieems  more  exact,  being  fup- 
ported  by  a  double  proof. 

it  has  lately  been  found,  as  I  am  informed,  in 
Argyiefhire;  alib  on  Schlungenberg  in  Siberia, 
and  in  the  pit  of  Ifaacfund  near  trey  berg  in  Sax- 
pny. 

*  Phil.  Tranf.  1784.  298. 

K  4  Mr. 
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Mr.  Werner  has  beflowed  on  this  foffil  the 
name  of  K'itberite,  in  honour  of  Dr<  Withering, 
who  firft  difcovered  it;  and  for  the  fame  realon  I 
Ihould  alfo  follow  his  example,  were  it  not  already 
generally  known  under  the  name  of  Aerattd  Ba- 
rytes, The  fp.  gr.  of  artificial  aerated  barytes  is, 
according  to  Bergman,  3,773*  But  he  allows  it  a 
large  proportion  of  water.  Sciagr.  §  88. 


zd  Species. 
Barytes  combined  with  the  Vitriolic  Acid. 

Barofeknite. 

This  fubftance  requires  43000  times  its  weight 
of  water  to  diffolve  it  in  the  common  temperature 
of  the  atmo  phere. 

It  is  foluble  in  the  concentrated  vitriolic  acid 
1,87  in  a  boiling  heat,  and  precipitsble  there- 
from by  the  affufion  of  water.  Phil.  Tranf. 
1784,  303.18.  Roz.  300,  per  Sage  i  part  re- 
quires 12  of  acid  for  its  folution.  Mem.  Par. 
1788. 

Hardnefs,  from  4  to  5.  Sp.  gr.  when  per- 
fedtly  pure,  according  to  Afsweltus,  4,865.  But 
•in  general  it  reaches  only  from  4,40  to  4,43  ;  in 
temp.  60°  an  impure  fort  which  contnined  only  ^5 
per  ct.  of  baroielenite,  the  remainder  being  filex, 
argill,  and  iron,  had  its  fp.  gr  3,892.  The  Swe- 
difli  barofelenites  are  yet  the  heavieft,  their  fp. 
'gravity  generally  exceeding  4,5. 

It  is  fufible  per  fe  by  the  blowpipe,  on  char- 
coal it  acquires  an  hepatic  fmell;  and,  when  *hus 

melted 
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melted  by  pure  air  it  gradually  diffipatcs. — Mine- 
ral alkali  melts  it  with  effervefcence,  borax  and 
microcofmic  fait  with  fcarce  any;  the  firft  decorn- 
pofes  it,  the  two  laft  extract  no  colour  from  it. 

It  does  not  form  a  plafter,  as  gypfums  do  ;  yet 
Gerhard  denies  this. 

It  contains  about  84  per  ct.  of  bary tes,  the  re- 
mainder vitriolic  acid  and  water,  per  Bergman. 
But  artificial  barofelenite  contains  67  of  earth  and 
23  of  vitriolic  acid  and  water,  per  Klaproth  2. 
Chym.  An  1785.219.  or  65  of  earth  and  35  of 
acid  and  water,  per  Fourcroy  4  Chem.  An.  65= 
And  Dr.  Withering's  experiments  appear  to  me 
to  prove,  that  100  parts  marmor  metallicum  con- 
tain 68,5  pure  earth  and  31,5  acid,  as  ftrong  as 
that  contained  in  tartar  vitriolate.  See  Phil.  Tranf. 
1784,  304.  According  to  Dr..  Withering's  own 
calculation,  100  parts  of  this  ftone  contain  67,2  of 
pure  barytes,  and  32,8  of  vitriolic  acid,  which 
agrees  almoft  exactly  with  Klaproth's  determina- 
tion. 

Barofelenite  is  frequently  contaminated  with 
felenite,  (ilex,  iron,  and  aerated  calx,  and  hence 
fometimes  flightly  effervefces  with  acids. 

To  analyze  and  purify  it,  Mr.  Afswelius  ufes  the 
following  proceffes: 

ift.  After  pulverization,  it  is  mixed  and  cal- 
cined with  2,5  times  its  weight  of  aerated  mineral 
alkali,  perfectly  pure  and  deprived  of  its  water  of 
cryilaljization,  in  a  red  heat  for  one  hour  and  an 
half,  avoiding  fufion.  A  double  decomposition 
thus  takes  place. 

2d.  Glauber's  fait  and  the  fuperfiuous  alkali  be- 
ing then  feparated  by  lotion  and  codion,  the  re- 
fiduum  is  boiled  for  3  hours  in  10  times  its  weight 
of  diftilied  vinegar,  whole fp.  gr.  is  i»O33«  This 

takes 
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takes  up  not  only  the  barytic,  but  alfo  the  calca- 
reous and  muriatic  earths  if  any,  leaving  only  the 
argillaceous  and  ferruginous. 

gdi  To  this  Solution  vitriolic  acid  is  added  as 
long  as  any  precipitation  appears.  This  precipi- 
tate contains  barofelenite,  and  poffibly  gypfum  : 
this  lall  is  feparated  in  50  times  as  much  water  as 
the  precipitate  weighs,  and  the  barofelenite  re- 
mains fingle.  When  dried  in  a  red  heat,  it  con- 
tains 67  per  ct  of  pure  barytes,  which  is  feparated 
by  calcining  it  again  with  mineral  alkali,  diffbl- 
ving  it  in  nitrous  or  marine  acid,  and  precipitating 
the  folution  with  an  aerated  fixed  alkali. 

The  vvhiteft  and  heavieft  barofelenite  is  the 
pureft. 

Of  this  Species  we  may  diftinguifti  5  Families. 


I  ft  Family., 
In  an  Earthy  loofe  form. 

Yellowifh  or  reddifh  white,  rarely  pure  white, 
confifts  of  coarfe  dufty  particles,  moilly  forming 
flight  concretions,  feldom  in  powder.  Feels  coarfc, 
rough,  and  harfh,  but  appears  weighty. 

2(1  Family. 

Compa£t  Earofelenite.      Dickter  Sckwer  Spath  of 
Werner. 

Yellowrfh  white,  or  yellowifh,  reddifh,  bluifh 
or  blackifh  grey,  or  pale  red,  or  Ifabclla  yellow. 

Amorphous, 
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Amorphous,  in  nodules,  or  in  half-rounded  maf- 
fes,  or  teffular. 

Luflre,  o.i.     Tranfparency  i.o. 

Frafture  generally  fplintery,  not  rarely  paffing 
into  the  granularly  foliated — Sometimes  earthy. 
—Fragments,  2.1. —  Hardnels  from  5  to  6,  rarely 
4. — Sp.  gr.  from  4,3  to  4,4 — Feels  meagre. 

It  fcarcely  occurs  without  coniiderable  impuri- 
ties. 

To  this  family  belongs  the  barofelenite  of 
Wi  r-nas  in  the  province  of  Dalin  in  Sweden.  Af- 
fwelius  §  10. — Colour  reddifh,  form  teffular, 
fracture  prefents  indift'mguiihable  particles ;  it  is 
opake,  and  its  fp.  gr.  is  4,3.  It  contains  71  per 
ct.  barofelenite,  1 1  of  feleuite,  i3,5filex,  |- mar- 
tial argill,  and  4  of  water.  It  decrepitates  when 
heated. 

Alfo  the  heavy  ftone  of  Ramelfoerg  is  of  this 
family  ;  colour  bluifh  grey,  paffing  in  Ibme  parts 
into  the  blackifli  grev.  Dull,  opake,  and  of  a  fplin- 
tery fra.'ilure,  fometimes  verging  to  the  granularly 
foliated  or  fparry.  Sp.  gr.  4,313.  By  Mr.  Weft- 
rumb's  Analyfrs,  it  contains  83  per  ct.  barofelenite, 
65iilex5  4  calx  of  iron,  25  feienite,  i,ralum.  2 
of  water  and  bituminous  fubftance.  2  Bergbau 

47- 

At  Wilicza  in  Galicia  this  ftone  is  found  beau- 
tifully waved  and  twilled,  it  aifumes  a  polilh  like 
alabafter. 

A  compafl  barofelenite,  found  at  Waldftein  near 
Faiftritz  in  Stiria,  abounds  fo  much  in  fiiex  that 
it  gives  fire  with  ft  eel.  N.  A6t.  Petiop.  1785. 
3.63. 


Family, 
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3d  Family. 
Foliated. 

White,  or  bluifh,  reddifh,  or  yellowifli  white, 
oryellowifh,  reddilh  or  bluifh  grey,  or  flefh  red, 
or  verging  on  the  brownifh  red,  or  Ifabella  yel- 
low, rarely  greyifh  black;  the  cryftallized  fort  is 
often  b'uifh  grey,  wine  yellow,  more  rarely  olive 
green,  and  ftill  more  rarely  azure,  verging  in  fome 
parts  on  the  green. 

It  occurs  either  amorphous,  or  cryftallized  in 
fuch  various  forms  that  even  the  patient  Werner 
defpairs  of  enumerating  them  ;  the  mod  remar- 
kable are  the  cjuadrangular  prifm,  the  hexangular 
prifm,  the  double  quadrangular  pyramid,  the 
quadrangular  table  bevilled  at  the  edges;  the  fur* 
face  of  the  cryftals  is  generally  fmooth. 

Luftre  a. — That  of  the  cryftals  commonly  3.— 
Tranfparency  2.1.3, — That  of  the  cryftals  4.3. 

Fracture  either  granularly  foliated,  or  broad 
foliated,  feldom  curved  foliated.  » 

It  generally  prefents  thick  lamellar  diftindt  con- 
cretions, moftly  itreight,  feldom  curved,  thicker 
commonly  at  one  end  than  the  other,  owing  to 
the  accumulation  of  feveral  lying  on  each  other, 
and  having  a  fimilar  direction,  which  often  gives 
the  (lone  a  radiated  appearance. 

Its  fragments  tend  often  to  a  fparry  form. — 
Karunefs  from  5  to  6.  Sp.  gr.  from  4,3  to  4,8. 

It  is  generally  the  pureft  of  the  fpecies. 

The  Derbyfhire  caulk  is  of  this  family.     Co- 
lour white,  grey,  or  reddifli,  compofedof  rhomboi- 
7  dai 
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cLil  laminae  fet  in  different  directions.  Sp.  gr. 
4  330. — It  contains,  by  Dr.  Withering's  account, 
99,5  per  ct.  of  barofelenite  and  0,5  of  calx  of 
iron. 

Semitranfparent  quadrangular  prifms  of  this  fa- 
mily, analyzed  by  Mr.  Afswelius,  afforded  him  79 
of  barofelenite,  6  of  felcnite,  3  of  filex,  4  argill 
and  iron,  and  1,5  water. 

White  rhomboidal  lamellar  cryftals  from  Kil- 
patrick  h'.lls  near  Giafgow,  whofe  fp.  gr.  was  from 
4,402  to  4,44,  contain  by  Dr.  Withering's  account 
the  pureft  barofelenite,  100  parts  affording  67,2  of 
pure  earth  and  32,8  of  vitriolic  acid.  His  an  1- 
lyfis  L  a,  model  of  fkill  and  accuracy  *. 

Foliated  barofelenite  often  bears  a  ftrong  refem- 
blance  to  Feltfpar,  and  1  make  no  doubt  has  often 
been  miftaken  for  it.  See  Leike  K.  137. 


4th  Family. 
Striated  or  Fibrous. 

Yellowifti  white,  or  bluifh  grey,  or  brownilh 
or  reddilh  yellow. 

It  occurs  in  fomewhat  rounded  mafies,  of  un- 
even furface. 

Luftre,  filky,  or  waxy,  2.     Tranfparency  2.1. 

Fracture,  ftriated,,  converging  to  a  common, 
center. 

Hardnefs  5.     Sp.  gr.  from  4,000  to  4,4409. 

*  Mr.  Werner  has  of  late  diftinguifhed,  and  with  great 
propriety,  the  lamellar,  and  granularly  foliated.  The  gra- 
nular d;rters  from  the  foliated  as  granular  lioieitone  from 
calcareous  fpar. 

The 
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The  Cawk  of  Shropfhire,  analyzed  by  Dr- 
Withering,  is  of  this  family:  he  found  in  it  97,7 
per  ct  of  barofelenitCj  and  2,3  of  calx  of  iron. 

Under  this  head  we  may  alio  place  the  cele- 
brated Bolognian  ftone,  its  fp.  gr.  is  4,440  per 
Briffon.  According  to  Mr.  Arvtdion,  it  contains 
0,62.  of  barofeknite,  c,i6  filex,  0,15  argill,  0,06 
felenite,  and  0,02  water.  2  Chy.  Ann.  1788. 
205. 

1  he  Stalactitic  barofelenites  may  alfo  be  reckon- 
ed as  of  this  family;  for  inftance,  the  tubuliform, 
whofe  crofs  fratture  is  fibrous,  and  their  longitu- 
dinal foliated. 


5th  Family. 
Actcular.     Stangen  fpath  of  Werner. 

Colour,  white,  or  whiti(h  grey,  of  pale  blue. 

It  is  found  in  the  form  of  needles,  heaped  toge- 
ther ibmetimes  parallel,  but  often  confufedly. 
Moft  commonly  inhering  in  other  flones.  The 
furfaceof  thefe  needles  is  longitudinally  ftreaked. 

.Luftre  2  3.     Tranfparency  2.1. 

Hardnefs  5.  Sp.  gr.  as  of  the  foregoing  fami- 
lies. 

Mr.  Bergman  found  thefe  needles  to  confift  of 
pure  barolelenite.  Schwed.  Abhand.  1784  m, 
They  much  refemble  certain  white-lead  ores, 


^d  Species* 
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3d  Species. 
Liverjlone.    Lapis  Hepaticus,  Leberftcln* 

Colour,  grey,  greyifh,  or  yellowilh  grey,  or 
brown,  or  greyifh  black. 

Luftre  2.  i.     Tranfparency  i. 

Fracture,  foliated  and  partly  ftriated. — Hard- 
nefs  from  5  to  6.  Sp.  gr.  by  my  trial  2,666.  It 
emits  a  fmell  of  liver  of  fulphur  when  rubbed  or 
heated  to  rednefs. 

It  does  not  effervefce  with  acids. 

According  to  the  analyfis  of  Mr.  Bergman,  a 
fpecimen  from  Andrarum  in  Scania  contains 
0,38  of  barofelenite,  0,33  lilex,  0,22  alum,  0,07 
gypfum,  and  00,5  mineral  oil.  Sciagr.  §  90, 

The  fpecimen,  Lelke,  0. 1519  effervefces  with 
acids,  and  therefore  is  not  a  liver-ftone. 

Neither  is  the  fpecimen  O.  1518  free  from  a 
calcareous  mixture. 


SEC- 
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SECTION    VIII. 


Muriatic  Genus* 

UNDER  this  head  I  include  not  only  tnofe 
earths  andftones  in  which  magneiia  predominates, 
but  alfo  thofe  in  which  the  filiceous  earth  predo- 
minates, if  magnefia  be,  next  after  this,  the  moil 
copious  ingredient,  and  the  compound  pofiefles 
the  characters  of  the  muriatic  and  not  thofe  of  the 
iiliceous  genus. 

i  (I  Species. 
Magnefia  mixed  with  Silex.     Silicimurite. 

ift  Family. 

Keffekill.  Myrfen.  Meerfchaum  of  Werner. 

• 

Neither  pure  nor  aerated  magnefia  unmixed 
with  any  other  fubftance  have  as  yet  been  found. 
Of  the  magnefia,  feparated  by  art  from  other  com- 
binations, 100  parts  contain  about  55  of  mere 
earth,  30  of  aerial  acid,  and  15  of  water,  when  of 
the  drynefs  poffeffed  by  that  ufually  found  in  the 
ihops. 

Keffekill 
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Keffekill  or  myrfen,  which  the  Germans  cor- 
ruptly call  Meerlchaum,  is  faiJ  to  be  when  re- 
cently dug  of  a  yellow  colour,  and  as  tenacious  as 
cheefe  or  wax.  By  the  latefl  accounts  it  is  found 
near  Burza  in  lower  Alia  *.  It  is  the  fubftance  of 
which  the  large  Turkey  tobacco  pipes  are  formed. 
It  is  faid  to  be  the  earth  called  in  Canada  terrs  a 
cbalumeau,  but  of  this  I  doubt.  When  boiled 
with  greaft  it  is  formed  into  pipes,  and  hardens  in 
theopen  air.  Thefcrapings  of  theie  pipes  were  exa- 
mined by  Mr.  Weigleb,  and  found  to  confift  of  4- 
filex  and  ±  magnefia  nearly;  the  magnefia did  not 
eflervefce  wirh  acids,  this  was  probably  occafion- 
cd  by  the  expulfion  of  fixed  air  during  the  treat- 
ment with  fat.  To  this  alfo  the  hardnefs  may 
perhaps  be  afcribed,  as  magnefia  and  filex  will 
not  harden  even  in  a  porcelain  heat.  3  Crell.  N. 
Entdeck.  g.8.  By  the  heat  of  pure  air  this  fub- 
itance  is  converted  into  a  white  porcelain  mafs. 

Note,  Baron  Born,  i  Raab  2^4,  confiders  thii 
earth  as  a  femi  indurated  talc. 


2d  Family. 
Martial  Muriatic  Spar. 

Mr.  Monnet,  a  mineralogift  of  confiderable  note, 
lately  difcovered  this  ftone  at  6V.  Marie  aux  Mines, 
and  called  it  pifrliteS'>  but,  as  a  very  different  com- 
pound is  generally  denoted  by  this  name,  I  have 
called  it  martial  muriatic  ipar,  a  name  which 
agrees  better  with  its  properties. 

It  is  of  a  hard,  fplid,  and  i  parry  texture,  of  a 

*  N.  A£ta  Petropol.  1785.  263. 

L  grey, 


146  Muriatic  Genus. 

grey,  ochry,  dull  colour,  but  internally  bright :  it 
gives. fire  with  fteel,  yet  effervefces  with  acids. 

In  a  flrong  heat  it  grows  brown,  bxit  at  laft  melts 
perfe.  Hence  it  mult  contain  fomething  elfe  than 
magnefia,  filex,  andiron. 

100  Parts  of  it  are  faid  to  contain  50  of  filex^ 
the  remainder  mild  magnefia  and  iron,  but  irt 
what  proportion  is  not  mentioned.  13 
Suppl.  416. 


2d  Species, 

Magnefia  mixed  with  a  notable  proportion  of  cal- 
careous Earth  and  fome  Iron. 


Calcimurite. 

Colour,  blue,  or  olive-green,  of  the  confif- 
tence  of  clay ;  the  latter  contains  no  argill,  but 
merely  calcareous  earth  and  magnefia  tinged  by 
iron ;  the  former  contains  a  larger  proportion  of 
calcareous  earth;  both  are  found  near  Thionville^ 
the  former  is  ufed  by  Potters.  1 3  P..OZ.  60. 


3d  Species* 
Mild  Magnefia  mixed  with  Clay  and  Iron.. 

Argillo  Murite, 

Colour,   greenifh  yellow;  confiftence,  earthy. 
Found  in  Silefia,    and  by  Mr.  Margraaf's  ex- 
periment* 
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periments  contains  i  of  its  weight  of  magnefia. 
2  Theile  1 8.  Another  fort  has  been  ditcovered  in 
Italy  by  Mr.  Fabroni,  of  which  I  have  feen  only 
the  analyfis;  it  contains  o,;O  of  iilex,  0,13  mag- 
nefia, c,io  argill,  0,03  calx,  0,009  calx  of 
iron,  0,08  water.  Or  it  the  ancients  made  bricks 
fo  light  as  to  float  on  warer.  12  An.  Chy.  316. 
Its  confidence  is  very  loofe1. 


4th  Species. 

Chlorite.     Samt  Erde.     Peach  of  the  Cornifh 
Miners. 


ift.  Family. 
In  a  loofe  Form. 

Colour,  grafs- green,  or  greeniih  brown,  or 
dark-green  inclining  to  black. 

It  is  found  in  fcales  either  invefling  other  flones 
or  heaped  together. 

External  Luftre.  0,1  : — feels  greafy, — ihews  a 
white  ftreak, — gives  an  e'arthy  fmell  when  breath- 
ed on. 

It  melts  into  a  dull  black  compact  flag,  and 
then  becomes  magnetic.  By  the  analyfis  of  Mr. 
Hsepfner  it  contains  0,4375  niagnefia,  0,375 
filex,  0,0317  argill,  0,0 1 66  -calx,  and  0,1292 
iron.  2  Sauff.  1. 


La  2d  Family. 
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zd  Family. 

Indurated  and  cryftallized. 

Colour,  dark  green,  almoft  black.  Form  ob- 
long, quadrangular,  and  acuminated. 

Luftre,   i .     Tranfparency,  o. 

Fracture  earthy,  yet  fomevvhat  fcaly.  Hard- 
nefs,  6".  not  remarkably  heavy.  Gives  a  moun- 
tain green  ftreak.  Feels  meagre.  Does  not 
effervefce  with  acids. 

Ferb.  Briefe  42. 

According  to  Hzepfner,  it  contains  0,415  filex, 
0,3947  magnefia,  0,0613  argill,  0,015  calx, 
0,1015  iron,  0,015  air  and  water,  i  Chy.  An. 
1790.56. 

gd  Family. 
Slaty  *. 

Of  this  I  have  feen  no  authentic  defcription. 
It  is  faid  to  abound  with  garnets  and  magnetic 
iron  ftone.  According  to  Baron  Born,  i  Raab  247, 
its  colour  is  greenimgrey.  According  to  others, 
dark  green,  inclining  to  black. 

Internal  l.uftre,   1.2.     Tranfparency,   ©. 

Fradurc,  more  or  lefs  perfectly  flaty,  fome- 
times  curved  ilaty,  or  pafling  into  the  fcaly  foli- 
ated-, and  then  accompanied  with  more  luftre, 
and  a  darker  colour.  Fragments,  flatted. 

*  Lcnz.  76. 

Give 
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Gives  a  mountain  green  flreak,  feels  fmooth 
and  fomewhat  greafy. 
Hardnefs,  5.4. 

5th  Species. 

Talc. 
Of  this  Species  we  have  3  Families. 

i  ft  Family. 
In  a  loofe  or  femi- indurated  form. 

Talcite. 

Colour,  reddifh  or  greenifh  white,  or  leek 
green. 

Found  in  the  form  of  fmall  fcales,  loofe,  or 
flightly  coherent. 

Luftre  3.4. 

Feels  fomewhat  greafy,  adheres  to  the  fingers, 
and,  when  rubbed  in,  gives  a  glofs  to  the  fkin. 

Very  light. 

Does  not  effervefce  with  acids. 

The  name  Talctte  has  been  beftowed  by  Wai- 
lerius,  Baron  Born,  and  others,  on  a  very  dif- 
ferent fubftance.  But  it  is  more  properly  appli- 
cable to  this. 


L  3  zd  Family. 
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zd  Family. 
Talc.     Or  Common  Talc.     Venetian  Talc. 

Colour,  generally  greenifh-whtte,  or  pale  apple 
green,  verging  on  the  filvery  white,  more  rarely 
reddifh-white,  by  tranfmitted  light  it  appears 
green. 

Frequently  occurs  in  oblong  nodules  of  an  ir- 
regulai  fur  face. 

Luftre,  nearly  metallic,  4.  Tranfparency,  2.3. 
or  if  very  thin,  4. 

Fracture,  foliated,  ftreight,  curved,  or  undu- 
lating. The  lamellze,  eafilv  feparable  from  each 
other,  if  (height,  but  not  if  curved  or  wrinkled. 
The  lamellae  flexible,  but  nor  elaftic. 

Kardnefs,  from  4  to  5.  Sp  gr.  from  2,7  to 
2,8  bv  my  trial  on  the  fpecimen  Leike  O. 

Feels  fomewhat  greafy.  Does  not  effervefce 
with  acids.  Strongly  heated,  it  becomes  whiter, 
lefs  tranfparent,  and  more  brittle.  Fixed  alkalis 
fcarcely  flux  it,  borax  and  microcofmic  fait  are 
more  efFedtual.  Pure  air  melts  it  into  an  opake 
greenifli  mafs,  fpotted  flightly  with  red. 

The  few  experiments  I  formerly  made  on  this 
fubftance  feemed  to  indicate  the  prefence  of  filex, 
rnagnefia,  and  argill,  with  a  very  fmall  proportion 
of  iron ;  but  they  are  too  imperfed:  to  be  relied 
on.  I  am  happy  to  find  it  has  been  fince  ana- 
lized  by  Mr.  Hcepfner  ;  he  found  it  to  contain 
0,50  filex,  0,44.  magneiia,  and  0,06  argill.  4 
Helvet.  Mag.  296. 

The  cr>  ftallized  talc  of  Baron  Born,  i  Raab 
247,  feems  to  me  to  be  rather  chlorite;  and,  though 
he  wifhes  to  confound  this  with  talc,  yet  they 
mufr.  be  diftinguiflied,  fince  tthe  one  is  fufible  by 
the  blow-pipe,  the  other  not. 

3d  Family. 


Steatites. 


3d  Family, 

Shiftofe  Talc.     Sckiefriges  Talc,  Lclke  O.  1 154. 
194, 

Colour,  whitiih  grey,  or  grey ifh  green,  or  dark 
green,  or  bluilh  grey. 

Surface,  uneven  and  wavy,  the  lamella  being 
in  many  p:-rts  broken  or  worn  away. 

External  luflre,  2.3.  Internal  luftre,  i.  froiii 
a  number  of  fliining  particles  difperkd  through 
it,  fometimes  in  certain  pofitions,  3.. 

Tranfparency,  o.  except  the  whiter  fort,  whofc 
tranfparency  is  2. 

Fracture,  hackly,  long  fplintery,  and  irregu- 
larjy  ilaty. 

Hardnefs,  from  4  to  6.  Brittle.  Sp.  gr.  from 
2,7  to  2,8. 

It  becomes  white  and  fcaly  by  expofure  to  the 
air.  Feels  foft,  and  eafily  crumbles  when  rubbed 
in  the  fracture. 


6th  Species. 
Steatites, 

i  ft  Family. 

Semi-indurated.     Craie  de  Briancon.     Specflein 
of  Werner. 

Colour  greyifh,  yellowifli,  or  greenifh  white, 

rarely  pure  white,  moftly  having  a  fhade  of  green, 

L  4  particularly 
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particularly  when  moifiened,  (the  white  often 
contain  black  dentritica!  figures,)  or  yellowilh 
white  fj'-rcl-iled  or  veined  with  red,  or  mountain, 
olive.  01  leek  green,  or  flate  blue. 

It  is  tounu  in  amorphous  mafles  rarely  cryftal- 
lized  in  hexangular  prifms,  terminated  with  aft 
hexangular  prilm  * 

Lulire.  o.     Tranfparency,  o.  or  fcarcely  i. 

Fracture,  earthy,  or  coarfe  fplintery.  Hard- 
ncfs  from  4  to  5.  Sp.  gr.  before  it  has  abforbed 
warer-  is  according  to  HriiTon  from  2,6  to  2,79. 
And  afier  vblniption  from  2.66  ro  2,794.  But 
perhaps  this  laft  may  belong  to  the  next  family, 
if  fo,  the  fp.  gr.  of  this  will  only  reach  to  2,66 
or  2.  ''9  whtn  penetrated  with  water. 

It  abforbes,  but  does  not  diffufe  itfelf  irf  wa- 
ter. 

It  either  does  not  adhere,  or  fcarcely  adheres 
to  the  tongue. 

It  feels  loft  and  greafy,  and  takes  a  polifh  from 
the  nail. 

Does  not  effervefce  with  acids. 

Hence  we  fee  it  refembles  fullers  earth;  it  dif- 
fers chiefly  in  not  being  diffufible  in  water,  in 
poiTefiing  ibtr.e  flight  degree  of  tranfparency,  and 
being  tomewhat  harder. 

When  heated,  it  hardens  and  whitens,  but  does 
not  melt  at  ifo3. 

The  fteatites  of  Suartwick,  examined  by  Mr. 
Bergman,  feems  of  the  kind  we  now  treat  ;  its  co- 
lour green,  felr  greafy,  and  mignt  be  fcraped  by 
the  naii.  Microcofmic  fait  had  not  the  power  of 
fluxing  it,  but  it  yielcied  to  borax,  and  with  eifer- 
\efcence  to  mineral  alkali.  He  found  it  to  con- 


tain 
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lain  0,80  of  filex,  0,171  of  aerated  magnefia, 
0,02  argill,  and  0,009  ca^x  °^  iron-  4  Bergman, 
1 66.  I  fufpect  however,  from  its  hardening  in  fire, 
that  it  contains  more  argill. 

The  white  fteatites  of  Cape  Lizard  in  Cornwall, 
which  is  ftreaked  with  red  and  blue,  of  the  hard- 
nefs  of  cheefe,  and  ufed  for  porcelain,  feems  alfo 
of  this  kind.  Mr.  Klaproth  found  it  to  contain 
48,42  per  ct.  of  filex,  20,84  magnefia,  14  ar- 
gill, r  of  iron,  and  16  of  air  and  water,  i  Bed. 
Beob.  163.  192. 


2d  Family. 

Indurated   Steatites.      Lardites   of  Wallerius. 
Schmcerftem  of  Succow. 

Colour,  yellowifh,  or  greenifh  grey,  often 
veined  or  fpotted  with  a  deeper  yellow  or  red. 

External  luftre,  2.1.  Internal,  o.  Tranfpa- 
rency,  2.  2,5. 

Fradture,  fine  fplintery,  often  mixed  with  im- 
perfectly conchoidal.  Fragments,  2. 

Hardnefs  from  5  to  6.  Sp.  gr.  of  a  fpeeimen  I 
tried  was  2,784.  That  of  a  fpeeimen  tried  by 
Mr.  BriiTon,  which  he  calls  pierre  de  lard,  was 
before  it  had  abforbed  water  2,583,  and  after  ab- 
forption  '..632. 

Feels  greafy,  and  often  refembles  foap. 

This  feems  to  be  the  ftone  analyfed  by  Mr. 
Weigleb,  2  (Jhy  An.  1784,  429,  under  the  name 
of  fteatites  of  Bayreuth,  for  he  refers  to  Margraaf, 
2  Theile,  p.  15,  vvbofe  defcription  anfwers  to  that 
of  this.  He  found  it  to  contain  per  ct.  58,33  of 

filex, 
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(ilex,  3Q,i6  magnefia,  and   2,5  iron.     It  is  re- 
markable that  he  found  no  argill. 

The  fteatites  of  China,  Leike  0. 1102,  is  of  this 
family.  Margraaf  lays  it  is  often  called  Spanish 
chalk;  it  may  therefore  be  the  fame  as  the  Spanifli 
chalk  of  Briflbn,  whofe  fp.  gr.  he  found  to  be 
2,790. 


3d  Family. 

• 

Foliated,  or  Striated.   .  Takites  of  Wallerius. 

Colour,  leek  green,  paffing  on  the  one  hand 
into  the  mountain  green,  and  on  the  other 
through  the  olive  green,  into  the  fulphuf  yel- 
low. 

Generally  found  in  independent  amorphous 
mafies,  fometimes  invefting  or  interfering  fer- 
pentmes,  &c. 

External  luftre  cafual,  but  commonly  3.  In- 
ternal,  metallic  fn  the  dark  coloured,  or  waxy,  in 
the  higher  3.  Tranfparency,  2.1. 

Fraclure,  foliated,  moftly  curved  foliated; 
fometimes  ftriated,  particularly  when  invefting, 
or  interfering.  Fragments  cuniform.  Hard- 
nefs  from  6  to  7. 

Brittle.  Sp.  gr.  of  the  fpecimen  I  tried,  Leikc 
O.  1 1 1 1  is  2,636.  That  of  the  Jalcite  of  Briffon, 
(which  he  fays  is  compofed  of  white  mica,  whofe 
layers  are  agglutinated,  but  feems  to  be  the  fame 
as  that  now  defer ibed),  before  it  has  abforbed  wa- 
ter, is  2,6325,  and  after  abforption  2,6496. 

Gives  a  palegreenilh  grey  ftreak. 

Feels  greafy.     Does  not  adhere  to  the  tongue. 
I  This 
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This  defcription,  is  for  the  moft  part  taken 
from  Mr.  Ivarlten,  who  very  properly  diftinguiihes 
this  foffil  from  common  fteatites. 

Heated  ro  redneis,  it  becomes  grey  and 
harder,  and  at  147°  forms  a  grey  porous  porcelain 
mafs. 

7th  Species. 

Pot-Stone.     Lapis  ( Claris.    Verharteter  Talk,  or 
Topfltein  of  Werner. 

Colour,  light  or  dark  greenifh  grey,  or  green- 
iih  and  reddilh  grey,  or  yellowifh  grey,  or 
fpeckled  with  red,  or  leek  green. 

Luilre,  2.1.3.      T'ranfparency,  1.0.2. 

Fradturc,  undulatingly  foliated,  or  the  folia 
exceeding  thin,  and  discovering  rugofities;  often 
alfo  flaty. 

Fragments,  long  fplintery,  or  plated. 

The  foliated  prefent  fometimes  grofs  or  mi- 
nute diftinct  concretions. 

Hardnefs,  from  4  to  6.  brittle.  Sp.  gr.  of  that 
of  Como,  the  moft  famous  of  this  fpecies,  is 
2,8729.  According  to  Saulfure,  that  of  Swifler- 
land  has  its  ip.  gr.  3,023.  Some  abforb  water, 
the  ip.  gr.  of  the  potftone  of  Dauphine,  which  is 
of  flaty  itrudture  before  the  admiffion  of  water, 
is  2,7687;  after  admiffion  2,8214;  of  the  Swediih, 
before  the  admiffion  of  water,  2,8531  j  after 
admiffion,  2,8629. 

Feels  greafy. 

This  (lone  is  often  confounded  with  indurated 
fteatites,  which  poffibly  may  have  been  applied  to 
the  fame  ufe,  but  whofe  characters  and  compolition 
are  very  different;  it  is  more  difficultly  diftin- 
guifhed  from  Ihiftofe  talc,  efpecialiy  where  the 

potftone 
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potftone  is  flaty,  yet  their  luftre,  fpec.  gravity, 
and  feel,  are  different.  The  flaty  abounds  in  com- 
mpn  talc.  See  the  fpecimen,  Lefke  O.  1157. 

By  the  analyfis  of  Mr.  Weigleb,  the  potftone 
of  Como,  contains  about  0,38  filex,  0,38  mag- 
nefia,  0,07  argill,  0,5  iron,  0,0 1  aerated  calx, 
and  ft'ill  lels  of  the  fparry  acid  *;  but,  as  the  quan- 
tity of  air  and  water  is  not  given,  we  can  form  no 
true  idea  of  the  proportion  of  thefe  ingredients  to 
the  whole,  but  only  of  that  in  which  they  (land 
to  each  other.  The  fluor  acid  and  calx  are  in 
too  fmall  proportion  to  affect  the  effence  of  the 
ftone.  It  differs  therefore  from  fleatites  princi- 
pally in  this,  that  the  magnefia  and  lilex  are  in  a 
larger  proportion  to  each  other,  and  the  iron  to 
both. 


8th  Species. 
Serpent  ine-f-. 

Moft  commonly  of  a  dark  blackifh,  or  leek, 
olive,  or  canary  green,  feldom  fulphur  yellow, 
fometimes  blood,  carmine,  or  peach  bloiTom  red, 
often  bluiih,  or  green  ifh  grey,  or  brownifh  red, 
or  reddiih  brown,  or  greyifli  blue. 

Thefe  colours,  are  fcarce  ever  fmgle,  but  2, 
3,  or  more  accompany  each  other,  (and  hence 
the  ftone  derives  its  name),  one,  or  two,  form  the 
ground ;  and  one,  or  more  of  the  others,  form 
fpecks,  veins,  or  dots  therein ;  in  thefe,  not  only 

*  3  Helvet.  Magaz. 

f  The  Germans  and  French  c:ill  it  alfo  Serpentine;  but 
the  latter  call  a  lib  a  lore  of  jx>rphyry  or  variolite  Serpentin. 

the 
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the  above  colours  occur,  but  alfo  black,  and 
more  rarely  the  fcarlet  red,  crimfon  red,  and  ca- 
nary green. 

It  is  almoft  always  found  in  an  amorphous  inde- 
pendent ftate,  feldom  difleminated,  and  inherent. 

Luftre,  o.     Tranfparency,  i.o. 

Fracture,  fine,  or  coarfe  fplintery,  which  fome- 
times  pafs  into  the  uneven  of  a  fine  grain. 

Fragments,  between  2  and  3. 

Hardnefs  from  6  to  7.  Somewhat  brittle.  Sp. 
gr.  according  to  Briflbn,  reaches,  before  it  is  pene- 
trated with  water,  from  2,2645  to  2>7°9»  ^  *s 
only  thofe  whofe  fpec.  gravity  is  beneath  2,6  that 
admit  water.  He  indeed  mentions  one  which  he 
fays  is  fibrous  and  femitranfparent,  whofe  fp.  gr. 
is  2,9997;  but  this  cannot  be  a  ferpentine,  as  nei- 
ther of  the  three  characters  belong  to  it;  nor  do  I 
believe  that  of  Dauphine,  which  he  fays  is  femi- 
tranfparent, to  be  a  ferpentine,  but  rather  an  indu- 
rated fleatites.  The  fp.  gr.  of  the  dark  reddiih 
brown  ferpentine  of  Zoblitz,  Lefke  0.1137,  to 
which  afmall  quantity  of  talcite  adheres,  I  found 
to  be  2,561  and  that  of  the  dark  blackifh  green, 
alfo  of  Zoblitz,  Lefke  O.  1 1 30,  to  which  alfo  fomc 
talcite  adheres,  2,574. 

Moft  give  an  earthy  fmell  when  breathed  on. 

It  feels  rather  foft,  almoft  greafy. 

Moft  ferpentines  difcover  in  their  fra&ure  yel- 
lowifh  or  canary  green  fcales,  particularly  thofe 
that  otherwife  refemble  trap.  See  Lefke  G. 318. 
319.  321.  Thefealfo  often  contain  garnets,  which 
trap  never  does.  It  is  diftinguTfhable  from  indu- 
rated fteatites  by  its  opacity,  colour,  hardncfs, 
feel,  and  generally  by  its  ip.  gr.  By  reaion  of  its 
earthy  fmeil,  I  lulpedt  it  has  often  been  n:iftaken 
for  trap,  from  which  it  differs  moft  widely. 

When 
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When  heated  it  hardens  and  reddens,  but  is 
infufible  by  the  blowpipe.  By  a  heat  of  136°  I 
found  the  blackifh  green,  Leike  0. 1 130,  hardened 
to  9,  and  turned  to  a  reddifh  brown  •,  at  150°  it 
became  greyilh  white,  and  formed  a Temicompaft 
mafs  of  the  narure  of  porcelain.  Hardnefs  10. 
The  dark  reddilh  brown  at  163°  imperfedly 
melted,  forming  at  the  furfacea  grey  opake  ena- 
mel, but  internally  a  porcelain  mafs. 

Mr.  Knock  found  a  lerpentine,  whofe  fp.  gr. 
was  2,684,  to  contain  per  ct.  45  parts  filex,  33 
magnefia,  14  magnetic  iron,  6,25  aerated  calx, 
~  argill,  with  a  little  falited  magnefia  and  water. 
2  Chy.  An.  1790.  497.  Meyer  found  a  ferpen- 
tine  he  examined,  to  contain  filex  and  magnefia, 
with  a  little  iron,  and  a  luipicion  of  calx,  i 
Chy.  An.  1790.  342.  Klaproth  found  no  Argill 
in  the  ferpentines  of  Saxony,  4  Berl.  Beob.  187. 
Hence  I  am  inclined  to  think,  that  ferpenrines 
contain  no  argill  except  accidentally,  but  merely 
filex,  magneiia,  and  iron.  The  filex  in  the  pro- 
portion of  about  5  or  4  to  3  of  magnefia.  The 
proportion  of  iron  variable  from  4  to  15.  The 
experiments  of  Mr.  Bayen,  though  accurate, 
were  not  made  with  a  view  to  preciii:  n  ;  it  was 
only  by  induftion  that  I  found  the  quantity  which 
I  formerly  ftated.  In  potftone,  iron  feems  alia  to 
be  eflential,  but  the  filex  and  magnefia  approach. 
nearer  to  an  equality.  In  ileatitcs,  iron  is  merely 
cafual,  and  never  in  any  considerable  proportion. 
The  ratio  of  filex  and  argill  to  eac"h  other  is  not 
fettled,  but  water  feems  eflential  to  the  femi-in- 
durated. 


9th  Species^ 
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9th  Species. 
Afbeftus.     Afbefte  non  mur  of  the  French. 

Colour,  generally  leek  green,  often  olive  or 
mountain  green,  more  rarely  greenifh  grey,  or 
dark,  or  light  yellovvifh  grey.  Luflre,  2.1. 
Tranfparency,  i.  orj  if  very  thin,  2. 

Fracture,  parallel,  or  divergingly,  and  gene- 
rally fomewhat  curved  ftriated,  or  fibrous,  the  fi- 
bres coarfe  or  delicate;  fometimes  inclining  to, 
or  intermediate  between,  the  fibrous  and  fplin- 
tery  *.  Fragments,  for  the  moft  part  long  fplin- 
tery. 

Hardnefs  from  6  to  7.  The  limits  of  its  fpec. 
gr.  are,  according  to  Buffon,  pretty  diftant,  one 
fpecimen  of  a  light  grey  colour  which  he  calls 
afbejle  murt  had  its,fp.  gr.  before  it  had  abforbed 
water  2,577,  an^  a^ter  abforption  2,699.  Ano- 
ther of  the  .fame  colour,  which  he  calls  ajbefte  non 
mur,  was  before  abforption  2,9958,  and  after  ab- 
forption  3,0343.  And  that  of  divergingly  fibrous 
afbeftus,  which  he  calls  afbefte  etoilce,  was  before 
abforption  3,0733. 

I  found  that  of  the  fpecimen  from  Zoblirz, 
I.efke  O.  1184,  to  be  2,^47.  I  believe  the  heavy 
fons  mentioned  by  BrifTon  were  aftinolytes. 

Feels  fomewhat  greafy.  Gives  a  grey  powder, 
and  ftreak. 

*  See  PahCl's  Catalogue,  by  Werner,  No.  a-^o.  Werner, 
in  Cror.lted,  affigned  it  a  ftriated  fra&ure,  but  now  n  fi- 
bron?.  Ses  Leike's  and  Fabft'a  Catalogues,  and  i  Bergm.  I. 
1789.  162. 

Does 
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Does  not  effervefce  with  acids. 

The  fpecimen  Lefke  O.  1184,  which  is  of  a 
yellowifli  green  colour,  was  hardly  difcoloured  by 
a  red  heat;  at  i6oc  it  formed  a  grey,  fomewhat 
porous  porcelain,  whofe  furface  was  enamelled, 
and  gave  fire  with  fteel,  therefore  it  began  to  be 
fufed.  Mr.  Sauifure  found  the  afbefte  he  tried 
affected  in  the  fame  manner,  i  Sauff.  86. 

Mr.  Bergman  comprehends  ftones  of  many 
different  fpecies  under  the  name  of  afbeftus ;  and 
hence  it  is  difficult  to  affign  the  numerous  and  ex- 
act analyfis  he  has  made  of  them,  to  the  different 
fpecies  to  which  they  feverally  belong  ;  a  clear 
proof  of  the  neceffity  of  exact  defcriptions  of  the 
external  characters  of  foffils.  The  afbeftus  of 
Baftnas  feems  to  be  that  of  which  we  here  treat, 
as  he  refers  to  Cronfted,  §  105.2  this  he  fays  af- 
forded him  67  per  ct.  filcx,  16,8  aerated  magne- 
fia,  6  aerated  calx,  6  argill,  and  4,2  iron.  4 
Bergm.  168. 

Another  from  Grange  in  Dalecarlia,  Cronft.  § 
1 06  contained  63,9  filex,  16  aerated  magnefia, 
12,8  aerated  calx,  1,1  argill,  and  6  calx  of  iron. 
Ibid  170. 

Another  from  Pehrfberg  in  Wermeland,  con- 
tained 62  filex,  13,7  aerated  magnefia,  12  aerated 
calx,  1,7  argill,  and  10,6  calx  of  iron. 

Mr.  Weigleb,  in  the  leek  green  afbeftus  of 
Zoblitz,  found  about  47  of  filex,  48,5  mild  magf 
nefia,  and  4  of  iron.  I  tried  this  refult  fyntheti- 
cally,  and  found  it  to  refiftfufion  at  148°. 

Hence  we  fee  that  few  ftones  admit  of  a  greater 
latitude  of  competition  than  this,  as  it  admits 
fome  argill,  and  a  pretty  large  proportion  of  ae- 
rated calx,  into  its  compofition;  yet  neither  are 
cflential  to  it.  But  the  iron  is  in  a  calcined  ftate, 

which 
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which  diftinguimes  this  ftone,  in  that  refpecl,  from 
fteatites,  potltone,  and  ferpentine. 


loth  Species. 
Ligniform  Afbeflus. 

Colour,  brown,  approaching  to  Ifabella  yel- 
low. 

Luftre,  o.     Tranfparency,  o. 

Fracture,  flaty,  and,  if  broken  acrofs,  it  difco- 
vers  an  irregular  filamentous  ftru&ure,  like 
wood. 

I  have  not  feen  it,  nor  do  I  know  whether  it 
has  any  other  firnilitude  to  wood,  or  afbeftus.  I 
place  it  here  only  by  reafon  of  its  name. 

Mr.  D'Aubenton  has  propofed  a  good  criterion 
for  diftinguilhing  petrified  wood.  He  obferves, 
that  mere  concentric  layers  arc  not  fufficient, 
there  muft  alfo  be  lines  interfering  thefe  layers, 
as  the  medullary  prolongations  from  the  center 
to  the  bark. 


nth   Species. 
Amianthus. 

Colour,  moft  commonly  greyifh,  or  greenilh 
white,  more  rarely  yellowiih  or  filvery  white, 
fometimes  olive  or  mountain  green,  or  pale  flefh 
red,  or  ochre  yellow. 

Luftre,  1,2,  fometimes  3,  and  then  refembling 
the  metallic.  Tranfparency,  1,2,0. 

M  Frafture 
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Fracture  prefents  delicate,  and  moftly  (height 
and  parallel,  rarely  curved  fibres,  fometimes 
clofely  comparted.  Its  fibres  flexible. 

Fragments,  long  fplintery. 

Hardnefs  from  3  to  4.  Sp.  gr.  before  it  has 
abforbed  water,  is,  according  to  Briffon,  from 
0,9088  to  2,3134,  and  after  abforption  from 
1,5662  to  2,3803. 

Feels  fomewhat  greafy. 

I  found  a  fpecimen  of  the  greyiih  white  to 
melt  at  162,5,  into  a  greenifh  black,  perfectly 
compact  glafs. 

Mr.  D'Arcet  and  Sauflure  found  it  to  melt, 
and  cryflallize,  at  (I  prefume)  a  much  lower 
heat ;  and  at  a  higher,  to  run  into  a  greenifh 
glafs. 

The  fnow-white  amianthus,  of  Tarentaife,  was 
found  by  Mr.  Bergman  to  contain  64  per  ct. 
lilex,  1 8, 6  aerated  magnefia,  6,9  aerated  calx,  6 
barofelenite,  33  argill,  and  1,2  calx  of  iron.  4 
Bergm.  163. 

The  ftone  from  Suarwick,  which  he  calls  af- 
beftus,  but  which,  from  the  flexibility  of  its 
filaments,  I  judge  to  be  an  amianthus,  afforded 
him  0,64  filex,  0,172  aerated  magnefia,  0,139 
aerated  calx,  0,027  argill,  and  0,022  calx  of  iron. 
Ibid.  165. 

That  which  he  calls  afbeflus  of  Corias,  in 
Afturias,  I  take  alfo  to  be  an  amianthus,  as  he 
fays  it  is  very  like  that  of  Tarantaife,  and  refers 
it  to  Cronftedt,  §  105.  i ;  in  this  he  found  0,72 
filex,  0,129  aerated  magnefia,  0,105  aerated 
calx,  0,033  argill,  and  0,013  calx  of  iron. 

Another  from  Crete  contained  53  per  ct.  of 
filex,  28,8  aerated  magnefia,  14,3  aerated  calx, 
i  argill,  and  2  calx  of  iron. 

2  Hence 
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Hence  we  fee,  that  afbeftus  and  amianthus 
differ,  not  in  their  conftituent  parts,  but  in  this, 
that  amianthus  contains  them  in  a  proportion, 
more  eafily  fufible;  hence  alfo  afbeftus  pafles 
into  amianthus,  when,  by  expofure  to  the  air,  it 
lofes  part  of  that  ingredient,  whofe  difproportion 
to  the  remainder  renders  it  more  difficultly  fu- 
fible. 

Note.  Amianthus  has  been  found  in  a  fari- 
naceous ftate  by  Mr.  Dolomieu,  on  the  moun- 
tain St.  Fiora,  in  Tufcany.  See  his  notes  on  3 
Bergm.  246. 

Amianthus  in  a  cryftallized  form,  namely,  in 
rhomboids  or  comprefled  parallelepipeds,  of  a 
grey  or  bluifh  colour,  are  faid  to  have  been  found 
in  the  neighbourhood  of  Bagneres ;  they  are  very 
foft  and  of  a  filamentous  texture,  but  harden  by 
expofure  to  the  air.  26  Roz.  4zp. 


1 2th  Species. 
Suber  montanum.    Corium,  montanum. 

Colour,  white,  orreddifh  white,  or  yellowifh 
grey,  or  Ifabella,  or  ochre  yellow,  or  yellowifh 
brown. 

It  is  found  either  in  thick  compact  pieces, 
and  then  called  mountain  cork ;  or  in  thin  flat 
pieces,  then  called  mountain  leather,  or  paper; 
or  cellular,  and  then  called  caro  montana,  &c. 

Luftre  o,  rarely  i.     Tranfparency  o. 

Fra&ure  prefents  fibres  confufedly  interwoven 
with  each  other,  fometimes  fo  fubtile  as  to  be 
difficultly  diftinguifhed,  and  thus  they  give  the 
fra&ure  a  compact  earthy  appearance. 

M  2   "  Hardnefs, 
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Hardnefs,  4.  takes  an  imprefiion,  or  yields 
like  cork  to  the  finger,  and  fomewhat  elaftic. 

Sp.  gr.  before  it  is  penetrated  by  water,  from 
0,6806  to  0,9933  :  and  after  admimon  of  water, 
fromi,2492  to  1,3492.  Briffon. 

If  perfe&ly  dry,  and  fufficiently  thick,  it  gives 
a  found  when  flruck. 

It  feels  meagre. 

Bergman  and  Sauffure  found  it  fuftble,  though 
difficultly,  by  the  blow-pipe.  4  Bergm.  169.  2 
Saujf.  1 24. 

By  Mr.  Bergman's  Analyfis  it  contains  from 
56  to  62  perct.  of  filex,  22  to  26  aerated  mag- 
nefia,  from  2,8  to  12,7  argill,  about  3  of  calx  of 
iron,  and  from  10  to  12,7  aerated  calx. 


1 3th  Species. 

Amianthinite.  Afbeftartiger  Strahlftein,  of  Wcr- 
•     ner,  in  part.  Lefke  O.  1186.   1188. 

Colour,  am,  or  greenifh  or  yellowifh  grey, 
often  mixed  with  yellow,  or  red,  or  both,  from 
decompolition. 

Form,  amorphous. 

Luflre,  of  the  grey  part,  filky,  verging  to  the 
femimetallic  3.  Transparency  o. 

Fradure,  prefents  a  confufed  appearance  of  the 
foliated  and  fibrous,  the  fibies  fo  faint  as  to  be 
fcarcely  diftinguimed,  prefenting  diftinft  concre- 
tions, irregularly  bundled,  and  in  the  grofs  often 
obfcurely  ilaty. 

Hardnefs  from  2  to  4.     Sp.  gr.  of  the  fpeci- 

men  Lefke,  O.  1186,  that  which  was  the  pureft 

7  was 
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was  2,584,  that  of  another,  Lefke,  O.  1188, 
which  was  mixed  with  iron,  ochre,  and  pyrites, 
3,872. 

The  purer  fpecirnen  melted  at  154°  into  a 
brittle  porous  opake  black  mining  mafs;  the 
heavier  being  heated  to  rednefs  became  partly 
purple,  and  partly  brownifh  red;  and  at  147° 
melted  partly  into  a  compaft  flagg,  and  partly 
agglutinated  into  a  porous  brittle  mafs. 


1  4th   Species. 

Afbeftinite.      Gemeiner  Strahlftein   of  Werner. 
Lefke,  O.  1190,  1199,  S.  374. 

Colour,  white  with  fliades  either  of  red,  yellow, 
or  green,  or  blue. 

Amorphous. 

Luflre,  filky,  approaching  to  the  femimetallic, 
3.  Tranfparency,  i,  2. 

Fradture,  mattered  foliated,  or  broad  flriated, 
fometimes  faintly  feamed. 

Prelents  oblong  diftincl  concretions,  running  in 
different  directions. 

Hardnefs,  from  5  to  6.  Sp.  gr.  from  2,806  to 
2,880. 

At  150°  melts  into  a  green  glafs. 

It  is  fometimes  difguiled  by  a  thin  cruft  orilli- 
nition  of  black  manganefe,  which  exhibits  the 
the  fame  radiated  appearance. 


M  3  i  ^th  Species- 
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1 5th  Species. 


Afbeftoid. 
Of  this  I  diftinguifh  two  Families,, 


i  ft  Family. 

Common  Afbeftoid.  Gemeiner  Strahlftein  of 
Werner.  LelkeO.  1191-2-3-5-7-8,  and  1200, 

and  S.  373. 
3/3 

Colour,  olive  or  leek  green,  when  decorhpofing 
reddifh  brown. 

Amorphous. 

Luftre,  common  2,  when  glafiy  3,  when  de- 
compoiing  o.  Tranfparency  c.i. 

Fracture,  fometimes  foliated,  fometimes  broad- 
ftriated,  the  ftrise  diverging  from  one  or  more 
central  points. 

The  foliated  may  even  be  confidered  as  tending 
to,  or  departing  from,  a  common  center. 

Hardnefs  from  6  to  7.     Sp.   gr.   from  3  to 

3'S1- 

At  1 60°  it  melted  into  an  opake,  black  com- 
pact glafs. 

This  feems  to  be  the  ftone  analyzed  by  Mr. 
Weigleb,  and  in  which  he  found  43  per  ct.  filex, 
22  magnefia,  and  34  of  iron,  and  fome  traces  of 
the  fparry  acid,  i  Chy.  An.  1785,  21. 

ad  Family. 


Lamellar  Aftynolite. 


ad  Family. 

Metalliform  Afbeftoid.     Afbeflartiger  Strahlflein 
of  Werner,  in  part.  Lefke,  O.  1187. 

Colour,  grey,  or  inclining  to  the  reddifh 
grey. 

Amorphous. 

Luftre,  femimetallic  3.     Tranfparency  o. 

Fradture,  foliated,  or  what  fome  would  call 
broad-ftriated ;  often  feemingly  converging  to  a 
common  center. 

Hardnefs  from  8  to  9.     Sp.  gr.  3,356. 

At  152°  melts  into  a  compact  black  glafs. 


1 6th  Species. 

Lamellar  Aclynolite.    Afbeftartiger  Strahlflein  of 
Werner.     Leike,  O.  1189. 

Colour,  dark  yellowifh,  or  greenifh  grey. 

Amorphous. 

Luftre,  in  fome  portions  feeble,  in  others  3 
and  glafly.  Tranfparency,  o,  or  fcarcely  i. 

Fra&ure,  the  lhattered  foliated,  the  edges  of 
the  broken  lamella  give,  however,  a  ftriated 
appearance. 

Hardnefs  7,  brittle.     Sp.  gr.  2,916. 

By  a  red  heat  it  becomes  in  fome  places  whiter, 
in  others  redder,  and  upon  the  whole  harder. 
At  1 68°  it  melts  into  a  dark  green  compact 
glafs. 

It  has  a  ftrong  refemblance  to  hornblende. 
M4 
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i  ;th  Species. 

Shorlaceous  Adtynolite.     Gemeiner  Strahlftein  of 
Werner,  in  part.  Leike,  O.  1194,  1196,  1201. 

Colour,  leek  or  dark  green.  External  luflre, 
3,4.  glaffy  Internal  1,2.  Tranfparency  2,3,1. 

Oyftallized  generally  in  long,  flender,  quadran- 
gular, hexangular,  or  (apparently)  triangular, 
prifms,  with  perfectly  fmooth  furfaces,  or  rather 
pyramids,  being  thicker  at  one  end  than  at  the 
other,  and  hence  called  ftrabl*  or  arrow  ftones. 
Sometimes  a  fmall  pyramid  adheres  longitudi- 
nally, and,  as  it  were,  grows  out  of  a  larger; 
fometimes  many  adhere  together.  In  Siberia,  it 
is  faid,  fome  are  found  5  feet  long,  and  15  inches 
thick,  i  Chy.  Ann.  1785,  265. 

Fradure,  hackly. 

Hardnefs  from  7  to  10.     Sp.  gr.  from  3,023  to 


ihe  fpecimen,  Lefke,  O.  1196.  whofe  fp. 
gr.  was  3,^23  melted  at  154°  into  a  dark  green 
compact  glafs. 

i8th  Species. 

Glafly   Actinolyte.      Glaffartiger    Strahlflein   of 
Werner. 

Colour,  leek  green,  or  (from  decompoft'on) 
verging  to  the  greenim  white,  or  filvery  white, 
or  itained  with  yellowilh,  or  brownilh  red. 

External  luflre,  3,4,  fometimes  glaffy,  fome- 
times filky.  Internal  o.  Traniparency  2. 

Cryilallized 
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Cryftallized  in  ilender  comprefled  quadrangu- 
lar or  hexangular  pyramids,  or  fibres,  clofely  and 
longitudinally  adhering  to  each  other,  ftreight 
or  incurvated,  or  confiding  of  fibres  undujatingly 
incurvated,  and  adhering  in  the  fame  manner. 

The  face  of  the  fradture  of  fingle  pyramids 
cannot  be  difcerned,  that  of  the  collection  is 
hackled;  but  the  longitudinal  fracture  is  fibrous, 
the  fibres  fometimes  parallel,  fometimes  diver- 
ging, and  often  from  many  central  points. 

Fragments,  long  fplintery,  and  exceeding 
{harp,  ib  as  to  be  difficultly  handled  without  in- 
jury- 

Hardnefs, difficult  to  eftimate,  on  account  of  their 
brittienefs.  Sp.  gr.  of  fome  fpecimens  that  had 
a  jrlafly  luftre,  I  found  to  be  2,950,  of  the  fpe- 
cimen  1205  L-eike,  O.  which  has  a  filky  luftre, 

3*493- 

The  laft  mentioned  fpecimen  melted  at  149° 
into  a  compact  dark  green,  almoft  black  glafs. 

But  the  fpecimens  that  were  cryftallized  in 
needles,  of  great  fubtlety,  but  whofe  planes  and 
angles  were  itill  difcernible  as  thole  in  Leike,  O. 
1203,  1204,  melted  at  137°  into  a  grey,  fome- 
what  porous  mafs,  and  at  1 159°  into  a  yellowifh. 
grey  compacl:  porcelain,  with  an  enamelled  fur- 
face,  and  began  to  act  oa  the  crucible. 

The  fubftance,  called  by  Mr.  Bergman,  the 
fbrous  Jhorl  of  Grange,  feems  to  be  of  the  fort  of 
which  we  here  treat.  It  is,  he  tells  us,  of  a 
green,  bordering  on  white,  and  confifts  of  flender 
parallel  tranfparent  fibres,  brittle  as  glafs;  and 
melts  into  a  fcoriform  mafs.  In  this  he  found  72 
per  ct.  of  filcx,  12,7  of  aerated  magnefia,  6  of 

aerated 
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aerated  calx,  2  argill,  and  7,3  of  calx  of  iron. 
4  Bergm.  171. 

The  fibrws  Jhorl  (as  he  calls  it)  of  Zillerthal, 
in  Tyrol,  feems  alfo  of  this  fpecies;  it  contains 
by  his  analyfis  64  per  ct.  filex,  20  aerated  mag- 
nefia, 9,3  aerated  calx,  2,7  argill,  and  4  calx  of 
iron.  Ibid.  172. 

We  may  alfo  vindicate  to  this  fpecies  the  ftone 
called  by  Mr.  Saufiure  Jborl  en  filets  bridants  et 
fragiles,  fo  lharp  as  fcarcely  to  be  handled  with 
impunity.  In  it  he  found  0,5525  filex,  0,3018 
argill,  0,1087  unaerated  magnefia,  0,0484  un- 
aerated calx,  and  0,0148  of  iron.  2  SaufT.  470. 
Here  not  only  the  large  proportion  of  argill  is 
remarkable,  Mr.  Bergman  having  fcarcely  found 
any,  but  that  magnefia  and  calx  Ihould  be  un- 
aerated, whereas  Bergman  in  all  the  flones  of  this 
Genus  found  them  aerated*. 

The  great  fp.  gravity  of  thefe  ftones,  confider- 
ing  the  moderate  proportion  of  iron,  found  in 
them,  alfo  deferves  attention.  May  not  the  new 
earth,  called  ftronthian,  be  found  in  them  ?  and 
may  it  not  have  been  miltaken  for  calx  ? 

*  Of  the  fix  foregoing  fpecies  I  have  given  the  defcrip- 
tions  from  my  own  observations ;  they  are  all  comprehended 
by  Mr.  Werner,  under  the  name  o{Jlrahlfidnt  and  cf  them 
he  makf  s  three  divifions,  the  afbeftme,  common,  and  glafly. 
The  airangement  1  ha\e  followed  feems  tome  more  exac^, 
though  not  out  of  the  reach  of  cavil. 


1 9th  Species. 


Jade. 
;i  .-:T  9th  Species. 


Jade.   Nephrit  of  Werner.   Bitterftein  of  Hoepf- 
ner,  and  others. 

Colour,  generally  dark  leek  green,  or  verging 
to  blue,  or  in  fome  prominencies  inclining  to  the 
greenilh,  or  bluifh  white  ;  and  even  the  greener 
parts,  when  frelh  broken,  difcover  pale  whitifli 
fplinters,  fometimes  yellowiih  white,  with  a  light 
ihade  of  green. 

Found  in  detached  rounded  mafles,  or  inhering 
an  rocks. 

Surface,  often  fmooth,  often  fomewhat  un- 
even. 

External  luftre,  i,  waxy.  Internal  o,  or 
fcarcely  i.  Tranfparency  2,  i. 

Fracture,  coarfe  or  fine  fp'intery;  yet  often 
difcovers  here  and  there  a  few  fibres  fomewhat 
incurvated.  Fragments  3,  4. 

Hardnefs  10,  not  brittle.  Sp.  gr.  of  the  fpeci- 
men  Lelke,  O.  1116,  which  came  from  the  Eaft 
Indies,  by  my  trial,  2,977.  Brifl°n  found  that 
of  green  Jade  2,9660;  and  that  of  whitifh,  or 
olive-coloured  jades,  from  2,950  to  2,9829. 
Mr.  Sauffure  found  thofe  of  oriental  jades  from 
2,970  to  3,041  ;  but  the  jades  of  Swiflerland  he 
found  dill  heavier,  namely  from  3,31  to  3,389. 
He  alfo  found  them  harder. 

It  reels  greafy. 

According  to  Dolomieu  it  becomes  more  tranf- 
parent  and  brittle  when  heated.  4oRoz.  215. 

But 
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But  is  faid  to  be  infufible  in  the  ftrongefl  heat 
of  our  furnaces. 

According  to  the  analyiis  of  Mr.  Hoepfner,  it 
contains  0,47  filex,  0,38  aerated  magnefia,  0,04 
argill,  0,02  aerated  calx,  and  0,09  iron. 


2oth  Species. 

Combined  with  the  Boracic  Acid,  and  boracited 
Calx. 

Boracite  *. 

Colour,  greyifh  white,  fometimes  paffing  into 
the  greenifh  white,  or  purplifh. 

Hitherto  it  has  been  found  only  in  cubes, 
whole  angles  have  been  more  or  lefs  deeply  cut 
off. 

Their  fize  fcarcely  exceeds  £  an  inch.  The 
furfaces  generally  fomewhat  corroded. 

The  external  luflre,  if  the  furface  be  fmooth, 
3;  if  rough  o.  Internal,  greafy,  2. 

Tranfparency  (except  it  be  covered  with  an 
opake  rind)  2.  3. 

Fracture,  compacl,  and  of  the  fmall  flatted 
conchoidal  kind.  Fragments  3. 

Kardnefs,  9,  10.     Sp.  gr.  2,566. 

Expofed  to  the  ftrongeft  heat,  it  contra&s,  and 
at  laft  melts  into  a  yellowilh  glafs. 

It  does  not  effervefce  nor  diflblve  in  acids,  un- 
lefs  heat  be  applied, 

*  2  Bergm.  Journ.  1790.334.  2  An.  Chy.  102,  137. 
3  Berl.  Beobacht  i. 

Abbe 
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Abbe  Hauy,  has  difcovered  that  it  becomes 
electric  by  heat,  like  Tourmaline ;  but  the  dif- 
covery  of  its  component  parts,  one  the  moft  im- 
portant and  leaft  expected  hitherto  made  in  mine- 
ralogy, was  referved  for  Mr.  Weftramb;  he 
found  it  to  contain  0,68  boracic  acid,  0,13  mag- 
nefia,  0,11  calx,  0,01  argill,  0,01  filex,  and  0,0 1 
iron.  The  three  laft  he  juflly  confiders  as  ca- 
fual. 

The  mountain  of  Kalkberg,  near  Luneburg,  is 
the  only  place  that  as  yet  affords  it.  It  is  there 
feated  in  a  bed  of  gypfum. 


SEC- 
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SECTION    IX. 


Argillaceous  Genus. 

ift  Clafs. 
'Argillaceous  Eartbs. 

THESE  are  for  the  mod  part  diffufible  in 
water,  and  do  not  immediately  link  in  it  as  fands 
do  ;  or  if  fo  compact  as  immediately  to  fink,  they 
foften,  crumble,  or  moulder  away  in  it,  fome 
fooner,  fome  later,  either  to  a  dudtile  vifcidpulp, 
or  to  a  powder. 

Hardnefs,  fcarce  ever  exceeds  6  ;  they  harden 
when  heated  ;  fcarce  ever  effervefce  with  acids, 
and  are  difficultly  foluble  in  them. 

As  earths  originally  received  their  denomina- 
tions from  external  and  not  from  internal  cha- 
racters, they  cannot  now,  without  creating  much 
confufion,  be  arranged  according  to  their  real 
fpecific  properties,  if  any  fuch  could  be  affigned. 
But  in  fafl:  none  fuch  can,  except  fufibility  or 
infufibility,  which  depend  on  proportions  and  in- 
gredients both  mutable  and  cafual.  Hence  I  fball 
fort  them  under  the  title  of  different  Tribes  ; 
marking  the  cafes  in  which  thefe  are  found  to  be 
more  or  lefs  fufible,  or  adapted  to  various  ufes. 

i  ft  Tribe. 


Native  Argltt, 


i  ft  Tribe. 

Native  Argill.    Lac  Lunze  of  fome.    Reinethon 
Erde  of  Werner. 

Colour,  pure  white. 

Found  in  nefls,  in  compared  rounded  kidney- 
form  mattes. 

Luftre,  o.     Tranfparency,  o. 

Fracture,  earthy.  Fragments,  o.  Hardnefs, 
4,  brittle.  Sp.  gr.  moderate. 

Feels  meagre,  but  foft. 

Adheres  very  flightly  to  the  tongue,  ftains  ve- 
ry flightly. 

Does  not  readily  difTufe  itfelf  in  water. 

Infufible  at  166°. 

It  fometimes  effervefces  with  acids,  being  fatu- 
rated  with  fixed  air,  a  circumftance  which  is 
rarely  obferved  in  earths  of  the  argillaceous  kinds ; 
and  to  this  union  we  may  afcribe  its  meagre  feel, 
flight  adherence  to  the  tongue,  and  little  attrac- 
tion to  water.  It  is  not  perfe&ly  pure ;  for,  it 
was  found  by  Mr.  Schreiber  to  contain  a  very 
fmall  proportion  of  aerated  calx,  and  in  fome 
fpecimens  a  little  gypfum,  alfo  fome  feeble  traces 
of  iron ;  but  (as  it  leems)  no  filex,  which  diftin- 
guilhes  it  from  clays  properly  fo  called. 

It  has  been  found  at  Halles,  in  Magdeburgh, 
and,  as  fome  fay,  at  Verona. 


Of 
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Of  Clays  in  general. 

The  conflituent  parts  of  clays  are  argill  and 
iiliceous  ftones,  from  the  fize  of  T1^  to  ^^^4^^ 
of  an  inch.  All  other  ingredients  (except  water), 
and  there  are  many,  are  extraneous  to  its  compo- 
fition. 

The  proportion  of  thefe  2  ingredients  to  each 
other  is  variable;  fometimes  the  argill  exceeds, 
but  mod  commonly  the  filiceous  ingredient  pre- 
dominates. VVh^n  the  argill  exceeds,  its  propor- 
tion to  filex  fcarce  ever  reaches,  but  fometimes 
approaches,  the  ratio  of  4  to  i;  but  moie  fre- 
quently fubfifts  in  the  ratio  of  3  to  i,  or  2  to  i, 
or  1,5  to  i,  or  approaching  dill  nearer  to  equali- 
ty. When  the  filiceous  ingredient  exceeds,  which 
is  by  far  the  commoneft  cafe,  it  is  found  at  moft, 
and  very  rarely  in  the  proportion  of  6  to  i,  more 
commonly  in  that  of  4  to  i ;  and  (till  oftener  in 
that  of  3  to  i,  or  2 to  i,  more  rarely  it  approach- 
es an  equality. 

Theie  proportions  produce  different  effects. 
Thus  the  clays,  in  which  the  filiceous  ingredient 
enters  in  the  proportion  of  from  3  or  4  to  i,  are 
beft  for  porce'ain,  thofe  in  which  the  argill  ex- 
ceeds are  belt  for  coarfe  pottery ;  and  particularly 
for  the  glafs-houfe  crucibles,  as  being  lefs  acted 
on  by  alkalis  *. 

The  kind  of  filiceous  flone  which  conftitutes 
the  fandy  part  of  clay,  fhould  alfo  be  attended 
to  j  I  believe  it  to  be  more  frequently  quartz, 


*  14  Ann.  Chy.  143.    3  Neu.  Entdeck.  13.35. 


but 
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but  it  may  alfo  be  hornftone,  or  felfpar,  or  of 
various  other  fpecies,  which  will  much  influence 
the  internal  properties  of  the  clay.  The  nature  of 
the  fand  fliould  therefore  be  tried,  after  fepara- 
ting  it  as  much  as  poffible  by  wafhing.  If  the 
fand  be  of  the  quartz  kind,  it  is  beft  fcparated  by 
boiling  the  whole  in  oil  of  vitriol,  which  will 
take  up  the  argill  and  leave  the  quartz;  but  if  it 
be  a  comminuted  felfpar,  or  other  compound 
{tone,  this  ftone  itfelf  will  be  decompofed  by  that 
acid ;  fo  that  the  trial  ihould  rather  be  made  on 
the  part  feparated  by  wafhing. 

The  colours  that  occur  in  clays  are  very  nu- 
merous, and  depend  on  metallic,  or  vegetable, 
or  bituminous,  or  coaly  particles,  pure  clay  be- 
ing always  white.  The  colours  arifing  from  the 
particles  of  a  vegetable,  coaly,  or  bituminous 
nature,  are  deftroyed  by  heat  in  an  open  fire,  and 
therefore  are  no  way  prejudicial  to  the  finer  ufes 
to  which  clay  may  be  applied ;  but  thofe  arifing 
from  metallic  particles  are  moft  obflinate. 
Sometimes,  however,  the  metallic  particles  are 
engaged  only  in  the  coarfer  fandy  part,  and  may 
with  it  be  feparated  by  elutriation ;  fometimes 
they  are  picked  out  by  the  hand. 

With  refpecl:  to  fufibility,  we  may  remark, 
that  clays,  which  contain  only  argill  and  {ilex, 
will  melt  in  no  heat  that  can  be  produced  by  our 
furnaces,  in  whatever  proportion  thefe  two  ingre- 
dients may  be  to  each  other. 

But  calcareous  earth,  in  the  proportion  of  10 

or  1 2  per  ct.  will  render  any  clay  fufible.     Calces 

of  iron,  if  united  to  the  argill,  will  render   the 

clay  fufible;  but,  if  united  to  the  filiceous  part, 

N  and 
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and  if  this  part  confiderably  predominates,  the 
clay  will  not  be  fufible. 

It  fhould  feem,  therefore,  that  an  addition  of 
pure  filex  to  any  clay  in  fuch  proportion  as  not 
todeflroy  its  ductility,  would  not  render  it  fufible; 
the  addition  of  lime,  or  calces  of  iron,  would,  on 
the  contrary,  render  any  clay  fufible. 

As  the  infiltration  of  water  frequently  conveys 
calcareous  earth,  and  calces  of  iron,  and  as  beds 
of  coal  obftrudt  this  infiltration,  hence  the 
clays  found  under  coal  are  generally  the  moft  in- 
fufible. 


2d  Tribe. 

Porcelain  Clay.    Kaolin. 

Colour,  white,  greyifli  white,  or  reddifli,  or 
yellowiih  white. 

Luftre,  o.     Tranfparency,  o. 

Friable  and  dufty,  often  compaft. 

Adheres  very  ilightly  to  the  tongue. 

Feels  foft  but  not  greafy. 

Hardnefs  feldom  exceeds  4 ;  but  lately  fomc 
much  harder  has  been  found  in  Siberia.  Ma- 
quart  430.  Sp.  gr.  (which  is  beft  taken  when 
hardened  by  fire)  varies  with  the  proportion  of  its 
ingredients  between  2,23  and  2,4.  That  of  Li- 
moges, which  is  worked  without  any  mixture,  has 
its  fpec  gr.  2,341.  Briffon  273. 

In   water   it  immediately   falls   into  powder. 

Thofe  of  Japan,   and  St.  Iriez  in  France,  are  per- 

fej&ly  white ;  thofe  of  Saxony,  reddifh,  or  yel- 

4  lowifn ; 
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Owifti ;  thofe  of  China,  and  Cornwall,  are  mixed 
with  particles  of  talc  and  mica. 

In  general  porcelain  earth  is  infufible  in  our 
furnaces,  as  Cronfled  remarked;  but,  in  manu- 
facturing this  earth,  fome  fufible  ingredient  is 
commonly  added;  however,  nature  fometimes 
furnifhes  thefe  ingredients  with  the  earth,  and  to 
this  compound  we  cannot  refufe  the  name  of  por- 
celain earth.  According  to  Mr.  Haffenfraz,  to 
whom  mineralogy,  in  all  its  branches,  and  the 
arts  therewith  connected,  are  much  indebted, 
the  porcelain  earth  of  Limoges  above  mentioned 
contains,  when  dried,  0,62  filex,  0,19  argill, 
0,12  magnefia,  and  0,07  barofelenite  *.  Mr. 
Wedgwood,  in  the  porcelain  clay  of  Cornwall^ 
found  on  the  contrary  60  per  ct.  argill,  and  only 
20  of  filex  ;  this  clay  is  therefore  infufible. 
When  dried  by  a  fummer  heat,  or  that  of  a  room 
moderately  warm,  it  lofes  about  -^  of  its  weight-; 
in  the  heat  of  boiling  water  as  much  more ;  in 
that  of  melted  lead,  and  thence  to  a  flrong  red 
heat,  in  which  copper  melts  -rVV?  in  all  -^s ; 
after  that  no  more.  The  matter  thus  loft  is  com- 
mon and  fixed  air,  but  no  inflammable  air. 
Hence  it  appears  to  differ  from  the  firft  tribe 
only  in  containing  filex. 

3d  Tribe. 
Common  Clays  in  various  ftates  of  Induration. 

Of  this  tribe  Mr.  Werner  diftinguiflies  three 
forts,  which  I  call   families.     Their  ingredients 

*  14  An.  Chy.  144. 

N  2  may 
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may  differ  confiderably,  as  they  are  denominated, 
from  their  external  appearances  only.  They 
are  all  confidered  here  in  their  pureft  ftate,  and 
dry. 

I  ft  Family. 
Potters  Clay. 

Colour,  generally  greyifli  white,  and  then  called 
pipe  clay,  or  light  yellowifh,  white,  or  grey,  or  dark 
bluilh  grey,  more  rarely  brownifh  black,  or  pale 
reddilh,  or  greenifh  grey,  or  mountain  green,  or 
ochre  yellow,  and  often  fpotted  only  with  this. 

Often  found  in  large  ftrata. 

Luftre,  o.     Tranfparency,  o. 

Frafture,  fine  earthy,  arid,  from  a  number  of 
rifts,  fomewhat  uneven. 

It  ftains  the  fingers  ih'ghtly. 

It  acquires  forae  polifh  by  fridtion. 

It  adheres  to  the  tongue  moderately. 

It  feels  greafy. 

Hardnefs,  3  or  4.     Sp.   gr.  from    1,8  to   2. 

It  is  entirely  diffufible  in  water;  and,  when 
duly  moiftened,  very  du&ile. 

When  unmixed  with  metallic  particles  (which 
may  be  known  by  expofing  it  to  a  ftrongheat,  as 
already  mentioned)  it  is  infufible  at  160°;  but  it 
is  not  therefore  fit  for  making  porcelain;  for  this 
requires  that  the  fandy  part  Ihould  be  of  the 
greateft  finenefs,  and  alfo  that  it  do  not  retain 
water  with  obftinacy,  which  it  always  does  when 
the  argill  is  not  combined  with  fixed  air;  and 
hence,  I  believe,  we  may  derive  ihe  practice  of 

expofing 
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cxpofing  clays  to  the  air  for  a  long  time,  before 
they  are  employed. 

It  does  not  effervefce  with  acids,  unlefs  conta- 
minated with  mild  calx  or  magnefia  in  a  confi- 
derable  proportion,  and  then  is  rather  a  marl. 
There  are  few  clays,  however,  that  do  not  con- 
tain fome  proportion  of  calcareous  earth. 

It  is  expofed  to  many  contaminations  from  iron 
and  pyrites ;  if  iron  be  united  to  the  argillaceous 
part,  it  is  fufible. 

The  proportions  of  argill  and  filex  vary  confi- 
derably,  as  we  have  already  feen. 

2d  Family. 
Indurated  Clay.     Verharteter  Thon  of  Werner. 

Colour,  grey,  yellowifli,  bluifli,  or  greenifh 
grey,  or  brick  or  flefli  red,  or  mountain  green, 
or  reddiih  brown,  or  blackifli  brown. 

It  frequently  contains  the  roots  of  vegetables. 

Luftre,  o.     Tranfparency,  o. 

Fracture,  earthy,  fometimes  participating  of 
the  even,  and  fometimes  of  the  fplintery,  and 
fometimes  tending  to  the  flaty.  Fragments,  i. 

Hardnefs,  from  5  to  6.  Sp.  gr.  inconfidera- 
ble. 

Slightly  adheres  to  the  tongue.  Often  feels 
fomewhat  greafy;  often  not.  In  water  it  does 
not  dirTufe  itfelf,  but  gradually  falls  to  pieces,  or 
crumbles  into  powder,  and  difcovers  but  little 
du&ility.  Some  forts  do  not  moulder  in  many 
days. 

It  hardens  when  heated. 

N  3  Sturbriclge 
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Sturbridge  clay  feems  of  this  fort.  .  Colour, 
dark  grey ;  does  not  adhere  to  the  tongue.  I 
found  too  parts  of  it  in  the  ftate  of  drynefs  in 
which  it  comes  to  us  to  contain  i  2,5  per  ct.  of 
moifture,  12  of  coarfe  fand,  partly  white  and 
cryilalline,  and  partly  brown  and  reddifh  brown, 
and  30  per  ct.  of  a  brownifh  fand,  fo  fine  as 
fcarcely  to  be  diiccrned  through  a  lens.  The  ar- 
gillaceous part  was  grey,  and  contained  ftili 
mote  land,  which  could  not  be  feparated  but  by 
boiling  in  acids. 

\Yater  quickly  a&s  upon  it,  a  white  argilla- 
ceous partfoon  diffufes  itielf,  and  afterwards  ano- 
ther part  which  is  darker  falls  into  powder; 
hence  it  Ihould  feem  there  are  two  forts  of  indu^ 
rated  clay.  The  fandy,  and  the  clayey. 


3d  Family. 
Shiftofe  Clay. 

I  ft  Variety.     Slate  Clay,  Shale. 
Schiefer  Thon  of  Werner. 

Colour,  generally  bluilh,  or  yellowifh  grey, 
more  rarely  dark  blackim,  or  reddifli  grey,  or 
greyiflj  black,  or  greenifh  yellow.  Often  found  in 
ftrata,  particularly  in  coal-mines,  of  which  it  is 
almoft  a  fure  fore-runner;  it  commonly  bears 
vegetable  impreflions.  Its  furface  generally 
knobby, 

Lwftre, 
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Luftre,  externally  it  hath  often  fome  glofs, 
but  none  in  its  fra<fture,  or  only  prefents  a  few 
Ihining  particles.  Tranfparency,  o. 

Frafture,  flaty,  fometitnes  bordering  on  earthy* 
Fragments,  2. 

Hardnefs  from  4  to  6.  Sp.  gr.  from  2,6  to 
2,68. 

Adheres  (lightly  to  the  tongue. 

Feels  meagre  or  merely  imooth.  Gives  a  white 
or  grey  ftreak. 

Gradually  moulders,  and  falls  into  powder  in 
water;  but  the  harder  forts  very  flowly.  The 
harder  as  that  in  Lefke  O.  786,  melted  into  a  fro- 
thy mafs,  partly  lead  coloured,  and  partly  dark 
greenifh  yellow,  between  a  porcelain  and  an  ena- 
mel. Another  fpecimen,  Le/ke  O.  784,  melted 
at  151°  into  a  frothy  mafs,  partly  pearl  grey,  and 
partly  liver-brown,  between  porcelain  and  ena- 
mel. 

When  it  contains  mica  it  is  not  fo  probable  an 
indication  of  coal.  Voight,  Prack.  Gebirg.  85. 

2d  Variety. 
Bituminous  Shale.     Brandmiefer  of  Werner. 

Colour,  brownifli  black,  or  blackifh  brown,' 
and  looks  like  bad  coal. 

Found  in  coniiderable  ftratified  mafles. 

Luftre,  o,  or  i.     Tranfparency,  o. 

Fracture,  flaty;  the  flates  moftly  thin,  often 
thick.  Fragments  tabular. 

Hardnefs,  5.     Sp.  gr.  about  2,000. 

Its  ftreak  fomewhat  gloffy. 

N  4  It 
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It  often  effervefces,  though  very  flowly,  with 
the  mineral  acids. 

Feels  rather  greafy. 

Placed  on  burning  coals,  it  burns  with  a  weak 
flame,  and  fulphureous  finell ;  the  refiduum  is 
then  light  grey.  It  thus  lofes  a  confiderable  part 
of  its  weight.  Some  will  hardly  burn  but  with 
the  affiftance  of  bellows. 

It  feems  to  differ  from  the  former  variety,  in 
containing  bitumen. 

The  fpecimen  in  Lefke  O.  961,  has  its  fp.  gr. 
1,995  ;  and  that  of  Lefke,  959,  has  its  fpec. 
grav.  2,053.  Both  effervcfce,  though  very  flowly, 
with  acids. 

It  fometimes  bears  the  impreffion  of  fifh. 


4th  Family. 

Fuller's  Earth.    Walkererde  of  the  Germans, 
Smedtis. 

Colour,  the  foffil  fo  called,  has  almoft  always 
fomelhade  of  green,  commonly  light  olive,  green- 
ifh  grey,  or  greenifh  white,  or  greenifh  brown, 
more  rarely  yellovvifh  grey,  or  greyifh  white. 
The  greenifh  fhade  is  made  vifible  when  the 
earth  is  breathed  on,  or  moiflened.  Flefh  red  has 
alfo  been  found  in  Saxony,  but  of  an  inferior 
quality. 

Luftre,  o.     Tranfparency,  o. 

Fraclure,  earthy,  often  inclining  to  the  une- 
ven, fometimes  to  the  flaty,  fometimes  fine  ear- 
thy, and  flightly  participating  of  the  conchoidal. 
Fragments,  o. 

Receives 
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Receives  a  polifh  from  friction. 

Does  not  adhere  to  the  tongue. 

Feels  fomewhat  greafy. 

Hardnefs,  4,  almoft  friable. 

In  water  it  readily  falls  into  powder  without 
confiderable  diffufion,  or  forming  a  pulpy  mafs. 
Some  imagine  thefe  earths  (hould  froth  and  lather 
with  water,  but  though  this  poffibly  may  fome- 
times  happen,  yet  certainly  not  generally ;  for 
Mr.  Werner  denies  this  property  to  the  fulling- 
earths  of  Saxony,  Mr.  Bergman  to  that  of  Hamp- 
fhire,  and  Mr.  Becker  to  that  of  Wefterwalds  *. 

Mr.  Bergman  has  given  an  accurate  account 
of  the  fuller's  earth  of  Hampfhire;  its  colour  is 
brown,  with  a  fcarce  perceptible  {hade  of  green, 
and  ftreaked  with  pale  yellowifli  veins,  with 
fome  flaty  appearance.  Water  boiled  on  it  for 
half  an  hour,  though  filtered,  Hill  retains  fo 
much  of  it  as  to  diminifh  its  tranfparency.  In 
this  water  the  folution  of  marine  barofelenite 
difcovers  nothing  vitriolic  ;  but  the  folution  of 
filver  does  indicate  fome  traces  of  marine  acid. 
If  this  earth  be  heated  to  rednefs,  it  blackens; 
but  this  blacknefs  vanilhes  in  a  riigher  heat, 
which  fhews  it  to  proceed  from  fome  vegetable  or 
coaly  matter.  When  heated  it  (lightly  decrepi- 
tates, and  in  a  ftrong  heat  forms  a  brown  fpongy 
mafs.  Heated  with  microcofmic  fait,  it  at  firft 
effervefces  flightly,  but  afterwards  is  fcarcely 
acted  on;  borax  corrodes  it  better,  but  confumes 
it  flowly.  Soda  attacks  it  with  confiderable  effer- 
vefcence.  By  his  analyfis  it  contains  0,518  filex, 
°>25  argM>  °>°33  aerated  calx,  0,037  calx  of 

*  Werner,  Cronft.  182.  4  Bergm.  155.  i  Bert.  Beob.  20. 
I  iron 
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iron,  0,007  aerated magnefia,  0,155  moifture,  or 
volatile  matter. 

Though  this  earth  contains  4  per  ct.  of  fub- 
flances   that  fhould  effervefce,    yet  it  does  not 
effervefce  with  acids ;  which  induces  Mr.  Berg- 
man to  think,  that  the  calx  and  magnefia  may  be 
chemically    combined  with  the  argill,    and  not 
merely  mechanically  mixed  as  in  marls.     Some 
fulling-earths,  it  is  faid,  efferveice  flightly  with 
acids  *,  but  the  belt  certainly  do  not;  and  it  is 
plain  from  the  fmall  quantity  of  effervefcible  mat- 
ter found  in  that  of  Hampfhire,  that  neither  the 
calcareous  ingredient,  nor  the   magnefia,  do  of 
themfelves  contribute  in  the  leaft  to  the  fulling 
property.     The  great  ufe  of  this  earth  is  to  de- 
prive the  cloths  of  greafy  fubftances  with  which 
they  are  impregnated,  before  they  are  foaped;  this 
advantage  they  evidently  derive  from  the  argilla- 
ceous ingredient ;  this,  therefore,  Ihould  be  fuf- 
ficiently  copious,  not  lefs  than  20  or  25  per  ct. 
and  not  too  un&uous,  for  it  would  not  then  rea- 
dily diffufe  itfelf  in  water ;  perhaps,  indeed,  the 
union  of  the  calx  and  magnefia  contributes  to  this 
prompt  dhTufibility.      The   filiceous   ingredient 
Ihould  be  very  fine,  left  it  Ihould  cut  the  cloth; 
this  finenefs  is  indicated  by  the  polilh  the  earth 
receives  by  rubbing  it  with  the  nail ;  hence  any 
clay  that  poflefles  thefe  properties  may  be  ufed 
for  fulling  -f-;  but  a  mixture  of  pyrites,  or  3  or  4 
per  ct.  of  calx  of  iron,  is  hurtful, 

*  a  Gerh.  Gefch.  350.  ;  ?jr 

f  4  Bergm.  159.     2  Gerh.    Gefch.  35:2.    j  Genfannc 
Hift.  Nat.  Langued.  158. 

In 
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In  Saxony  this  earth  commonly  lies  under 
mould  ;  in  England  under  fandftone  or  fand,  and 
over  fandftone  or  limeftone;  in  Germany  it  has 
alfo  been  often  found  folituated;  fometimes  too 
in  the  neighbourhood  of  Trap,  or  Bafalt.  i  Berl. 
Beobacht,  21. 

4th  Tribe. 
The  finer  Clays  in  various  States  of  Induration, 

i  ft  Family. 
Litliomarga.     Steinmarck  of  the  Germans. 

Thefe  earths  are  principally  difHnguifhed  by 
their  great  finenefs,  and  fufibility  into  a  frothy 
flagg. 

i  ft  Variety. 
The  friable  or  crumbling  kind. 

Colour,  white,  or  yellowifti,  or  reddifh  white, 

Luftre,   i  or  o.     Tranfparency,  o. 

Seldom  loofe,  molt  commonly  moderately  co- 
herent, and  formed  of  fcaly  or  exceeding  fine 
particles,  and  then  adheres  ftrongly  to  the  tongue. 
{Scarcely  {tains  the  fingers. 

Feels  very  fmooth.  Aflumes  a  polilh  by  fridion 
with  the  nail, 

Fradure, 
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Fracture,  earthy,  often  uneven,  and  grofly 
conchoidal.  Hardnefs  from  3  to  4.  Sp.  gr.  ex- 
ceedingly light. 

In  water  it  immediately  breaks  and  falls  into 
powder. 


ad  Variety. 
Indurated  Lithomarga. 

Colour,  greyifh,  reddifh,  or  yellowifli  white, 
or  pearl  grey,  or  flefh  red,  or  brownifti  red,  or 
yellowifh,  or  reddifh,  or  liver-brown,  or  ochre, 
or  Ifabclla  yellow,  or  bluifh  grey,  or  violet  blue, 
or  lavender  blue,  or  fpotted  or  veined  with  thefe 
different  colours. 

Generally  found  in  nefts  or  veins  of  rocks,  or 
entering  into  the  compofition  of  aggregate  {tones  as 
a  conftituent  part. 

Surface,  frequently  very  fmooth,  polifhed,  and 
fine  and  clofe  grained,  having  the  afpect  of  a 
itone. 

Luflre,  external,  often  2 ;  internal,  o.  Tranf- 
parency,  o. 

Frafture,  earthy,  often  conchoidal,  more  or  lefs 
perfectly,  or  inclining  to  the  even ;  nay,  fome- 
times  to  the  flaty.  Fragments,  o;  yet  fome- 
times,  2. 

Hardnefs,  from  4  to  6,  or  even  7.  I  found 
the  fp.  gr.  of  the  harder  forts,  2,815. 

The  fofter  forts  adhere  ftrongly  to  the  tongue 
where  newly  broken,  the  harder  forts  very  mode- 
rately *. 

*  2.  Bergm.  J.  1788,  520. 

Commonly 
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Commonly  feels  very  greafy,  or  at  leaft  fmooth, 
yet  fome  feel  dry  and  dufty.  Does  not  ftain  the 
fingers.  The  fofter  acquire  a  polifh  by  friction. 

The  coloured  give  a  flreak,  or  powder  of  the 
fame  colour. 

In  water  the  harder  forts  do  not  eafily  yield; 
but  the  fofter  immediately  crumble. 

According  to  Cronfted,  §  85,  the  characters  of 
this  earth  are, 

ift,  A  fmooth  foapy  furface  while  dry. 

2d,  A  gradual  difintegration  in  water;  firfl 
into  fmall  pieces,  and  afterwards  into  grains,  but 
not  into  a  pulp,  as  happens  to  potters  clay. 

3d,  In  a  ftrong  heat,  fufion  into  a  frothy  mafs, 
which  occupies  more  room  than  the  crude  earth 
had  done. 

4th,  A  lamellar,  or  rather,  as  Mr.  Bergman 
quotes  it,  a  conchoidal  fracture. 

The  earth,  called  mountain  foap,  differs  from 
this  only  in  being  fofter,  feeling  more  greafy,  ad- 
hering more  ftrongly  to  the  tongue.  Its  colour 
is  dark  brown,  or  pearl  grey;  its  fracture  earthy, 
or  participating  of  the  earthy  and  conchoidal. 
Hardnefs,  4. 

Mr.  Bergman  analyzed  the  grey  Lithomarga 
of  Ofmund;  its  furface  feels  greafy,  though  fome- 
what  uneven.  It  appears  flaty,  yet  its  fracture  is 
conchoidal.  .  Fragments  fharp.  Hardnefs  5;  it 
is  acted  on  by  water  as  above  mentioned;  does 
not  lather,  yet  is  deterfive,  it  melts  into  a  white 
frothy  mafs.  It  contains  60  per  ct.  filex,  1 1  ar- 
gill,  5,7  aerated  calx,  0,5  aerated  magnefia,  4,7 
calx  of  iron,  and  18  of  water  and  air. 

The  beautiful  earth,  called  terra  .miraculofa 
Saxonies,  is  by  Mr.  Werner  reckoned  of  this  fa- 
mily; 
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mily;  but,  if  fufibility  be  an  efiential  property  of 
lithomarga,  this  earth  does  not  belong  to  it;  for 
neither  of  the  fpecimens,  1080,  1081,  Lefke  O. 
are  fufible  in  a  heat  of  150°,  but  harden  into  a 
brittle  blackifh  mafs,  and  feemed  to  me  to  con- 
tain charcoal.  Thefpecimen  1080  poffefles,  in- 
deed, all  the  other  characters  of  the  harder  li* 
thomargas ;  but  the  fpecimen  Lefke  O.  1079, 
feels  dry,  and  fcarcely  adheres  to  the  tongue  i  fo 
that  I  confider  it  rather  as  an  indurated  clay. 

A  lithomarga  phofphorefcing  when  fcraped, 
of  a  pearl  colour,  and  fomewhat  femitranfparent, 
was  difcovered  in  the  Hartz  by  Baron  Trebra. 
i  Chy.  An.  1784.  Lafius,  Hartz  313.  Is  it  not 
rather  a  mixture  of  lithomarga  and  bole  ? 

3d  Family. 
Bole. 

Colour,  dark  Ifabella  yellow,  ftrongly  inclining 
to  brown,  or  pale  liver  brown,  fometimes  dotted  or 
variegated  with  black  fpots,  or  dentritical  figures, 
or  reddifti  brown,  feldom  flelh  red. 

Luftre,  o.     Tranfparency,  fcarcely  i. 

Fracture,  conchoidal.     Fragments,  2. 

Acquires  a  polifh  by  light  friction;  fcarcely 
adheres  to  the  tongue;  feels  greafy. 

Hardnefs,  4.     Sp.  gr.  from  1,4  to  2. 

It  immediately  crumbles  in  water  into  powder, 
and  not  into  pieces. 

Mr.  Bergman  comprehends  this  earth  under  the 
head  of  Lithomarga,  and  gives  the  following  ac- 
count of  Lemnian  earth,  which  is  one  of  the  moft 

noted 
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noted  boles.  Colour,  yellowifh;  furface,  fmooth 
and  polilhed  like  agate;  fra&ure,  conchoidal; 
fragments,  angular;  grain,  clofe  and  indifcerni- 
ble  ;  hardnefs,  fuch  as  to  admit  being  fcraped  by 
the  nail.  In  water  it  falls  to  pieces,  and  thefe 
into  powder ;  it  does  not  froth  like  foap,  but 
poffeffes  a  deterfive  power,  like  fullers  earth. 

When  heated  to  a  fufficient  degree  it  melts  into 
a  frothy  fcoria. 

By  his  analyfis  it  contains  47  per  ct.  filex,  19 
argill,  5,4  aerated  calx,  6  aerated  magnefia,  5,4. 
calx  of  iron,  and  17  of  water  and  air.  4  Bergm. 

157- 

Hence  we  fee,  that  all  the  fofter  forts  oflitho- 
marga  are  deterfive  in  fome  degree,  and  learn  to 
value  the  external  chambers  of  Mr.  Werner, 
which  point  out  the  beft  for  the  purpofe  of  ful- 
ling. 


4th  Tribe. 
Argillaceous  Marls. 

Colour,  grey,  yellowifh,  or  greyifh,  or  brown, 
or  yellowifh,  or  reddilh  brown. 

Found  in  confiderable  ftrata. 

Luftre,  o.     Tranfparency,  o. 

Fradlure,   earthy,  fometimes  fiaty,   fometimes 
conchoidal.     Fragments,  o,  i,  2. 

Hardnefs  from  4  to  7.     Often  lhattery.     Sp. 
gr.  from  2,4  to  2,6. 

Feel  fomewhat  unctuous,  and  adhere  to  the 
tongue. 

Effervefce 
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Effervefce  with  the  mineral  acids,  but  fre- 
quently refufe  to  do  fo  with  vinegar. 

Moulder  and  crumble  by  expolition  to  the  air, 
more  flowly  than  calcareous  marls,  fometimes 
requiring  5  or  6  years. 

When  heated  they  harden  into  an  imperfect 
brick,  which  is  (lowly  difintegrated  by  water. 

In  a  greater  heat  they  form  a  flagg.  However, 
if  they  contain  a  large  proportion  of  fand,  the 
bricks  formed  by  them  are  quickly  difintegrated 
by  water. 

They  contain  mild  calcareous  earth,  in  the 
proportion  of,  from  ^  to  4-  of  the  whole. 

To  Dr.  Withering,  of  Birmingham,  we  are 
indebted  for  many  well-directed  experiments  on 
thefe  marls.  He  found, 

i  ft,  That  a  red  compaft  marl,  that  was  fo  plaftic 
as  to  form  and  burn  to  a  brick,  contained  ^  of 
its  weight  of  mild  calx. 

2d,  A  grey,  in  hard  lumps,  was  alfo  plaftic, 
but  gritty,  and  formed  a  foft  brick ;  it  contained 
~  of  its  weight  of  mild  calx  *. 

3d,  A  red,  with  grey  fpots,  and  very  hard, 
contained  about  JJ.  of  aerated  calx ;  yet  it  was 
plaftic  and  burned  to  a  grey  hard  {tone. 

Mr.  Andreas  published  a  good  differtation  on 
marls  in  German,  in  the  year  1769,  in  which  he 
diflinguifhed  marls  as  follows: 

i  ft,  Marl,  properly  fo  called,  confiding  of 
equal  parts  of  clay  and  mild  calx,  that  is,  chalk. 

sd,  Calcareous  marl,  confiding  of  three  parts 
chalk  and  one  of  clay. 

*  Phil.  Tranf.  vol.  LXIII. 
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3d,  Argillaceous  marl,  confifting  of  three  parts 
clay  and  one  of  chalk.  Again,  if  the  marl  con- 
tains coarfe  fand,  gypfnm.  or  mica,  he  makes 
the  following  fubdiftindtions : 

i ft,  Sandy  marl;  2d,  Sandy  calcareous  marl; 
^d,  Sandy  argillaceous  marl. 

Again,  i  ft,  Gypfeous  marl;  zd,  Gypfeo-cal- 
careousmarl;  ^d,  Gypfeo-argillaceous  marl. 

And  laftly,  Micaceous  marl ;  Micaceous  calca- 
reous ;  and  Micaceous  argillaceous. 


5th  Tribe. 

Colorific  earths,  orthofe  which  ftrongly  ftainthe 
Fingers. 


i  ft  Family. 

Red.  Reddle.  Rubricafabrilis.  Rothel,  Leike,  O. 
973- 

Colour,  dark  cochenille  red,  or  intermedi- 
ate, between  brick  and  blood  red. 

Luftre,  o.     Tranfparency,  o. 

Fracture,  earthy,  fometimes  conchoidal.  Frag- 
ments, i .  Hardnefs,  4.  Sp.  gr.  inconfiderable. 
Adheres  pretty  ftrongly  to  the  tongue. 

Feels  rough;  afllimes  a  polifh  from  the  nail; 
flrongly  (lains  the  fingers. 

In  water  immediately  falls  to  powder;  does 
not  become  dudlile. 

Does  not  effervefce,  noreafily  diflblve  in  acids. 
O  When 
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When  heated  to  rednefs  it  crackles  and  grovrs 
black;  at  159°  the  fpecimen,  Lefke  O.  9731,  melt- 
ed into  a  dark  greenilh  yellow  frothy  enamel. 

It  differs  from  red  ochres  only  by  containing 
more  argill.  The  red  colour  proceeds  from  oxy- 
genation  and  the  abfence  of  acid.  The  more 
air  and  water  is  expelled  by  heat,  the  browner  k 
grows. 

2d  Family* 
Yellow.    Gelbe  Erde.'    Leike,  O.  1098. 

Colour,  ochre  yellow. 

Luftre,  externally  often  hath  fome  glofs ;  but 
internally  none.  Tranfparency,  o. 

Fra&ure,  earthy,  often  inclining  to  the  con- 
choidal.  Fragments,  o. 

Hardnefs,  3.     Sp.  gr.  inconfiderable. 

Adheres  ftrongly  to  the  tongue ;  feels  fmooth, 
or  fomewhat  greafy ;  takes  a  high  polilh  from  the 
nail ;  ftrongly  ftains  the  fingers. 

In  water  it  immediately  falls  to  pieces  with 
fome  hifiing  ;  and  afterwards  to  powder,  but  does 
not  diffufe  itfelf  through  it. 

It  does  not  effervefce  with  acids,  nor  is  eafily 
foluble  therein. 

Heated  to  rednefs  it  crackles,  hardens,  and 
acquires  a  red  colour ;  gives  a  reddifh  flreak.  At 
156  I  melted  the  fpecimen,  LefKe,  O.  1098, 
into  a  liver-brown  porous  porcelain  mafs. 

This  yellow  c:.rth  differs  from  ochres  only  in 

containing  a  greater  proportion  of  argill;    the 

yellow  colour  proceeds  from  the  calx   of  iron, 

s  highly 
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highly  oxygenated,  and  probably  containing  both 
water  and  acid.  The  earths  that  contain  a  lar- 
ger proportion  of  iron  have  rather  an  orange  co- 
lour. 

According  to  the  analyfis  of  Mr.  Sage,  of  Pa- 
ris, v.ho  has  the  merit  of  preferving  to  his  coun- 
trymen the  immenfe  gains  the  Datch  acquired  by- 
converting  this  yellow  earth  into  what  is  there 
called  Englifh  red,  it  contains  50  per  ct.  argill, 
40  calx  of  iron,  10  of  water,  acidulated  by  vi- 
triolic acid.  Mem.  Par.  1779,  313. 


3d  Family* 

Black.  Black  Chalk.  Schwartze  Kreide,  2eichen 
Schiefer,  Lefke,  O.  972.  Pierre  noir,  of 
Briflbn  p.  163. 

Colom,  greyifli  black. 

Luflre,  o.     Tranlparency,  o. 

Frafture,  imperfectly  curved  (laty.  Frag- 
ments, i  ;  partly  flat,  partly  long  fplintery. 

Hardnefs,  5,  fp.gr.  2,114,  by  my.  trial ;  per 
Briffon  2,186  before  abforption,  2,277  after  ab- 
ibrption  of  water. 

Adheres  (lightly  to  the  tongue,  feels  fmooth, 
affumes  a  polifh  from  a  knife,  gives  a  black  Ureak, 
and  marks  black. 

In  wsLcr  does  not  readily  moulder;  but  if  taken 
out  it  cracks  in  a  (liort  time. 

Does  not  effervefce  with  acids,  oreafily  difiblve 
therein. 

O  2  Heated 
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Heated  to  rednefs  it  crackles  and  becomes  red- 
difh  grey. 

It  contains  fomewhat  vitriolic. 


4th  Family. 

Green  Earth.     Lefke,  O.  1013. 

Colour,  greyifh  green, 

Found  generally  in  lumps  in  the  cavities  of 
other  ftones,  or  externally  inverting  them. 

Luftre,  o.     Tranfparency,  o. 

Fracture,  earthy,  fometimes  uneven  ;  fome- 
timcs  verging  to  the  conchoidal.  Fragments,  2. 

Hardnefsj  from  6  to  7.     Sp.  gr.  2,637. 

Sometimes  feels  fmooth;  but  often  fcarcely; 
does  not  afTume  a  polim  from  the  knife,  nor  ad- 
here to  the  tongue,  nor  ftain  the  fingers,  nor 
mark  while  dry,  and  when  wet  but 


In  water  it  often  crumbles  atter  ftandiiig  about 
half  an  hour. 

Does  not  eifervefce  with  acids,  nor  is  eafily 
foluble  therein. 

Heated  to  rednefs  it  crackles  and  becomes  of  a 
darkreddilh  brown  colour;  at  147°  the  fpecimen, 
Lefke  O.  1013,  melted  into  a  black  compact 
glafs,  refembling  that  of  Bafalt.  Ihis  Ihews  itto- 
confiftof  iileXj  argill,  iron  not  much  oxygenated, 
and  calx  of  nickel,  from  which  the  green  colour 
is  derived,  belides  water, 


Of 
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Of  Umber. 

A  brown  or  black i(h  fubftance,  very  light, 
which  moderately  ftains  the  fingers,  and  ftrongly 
adheres  to  the  tongue ;  has  long  been  taken  for  a 
fort  of  clay,  but  Mr.  Hupfch,  in  the  Memoirs 
of  Berlin  for  1777  (and,  long  before  that,  Dr. 
Hill,  p.  63)  has  fhewn  it  to  confift  chiefly  of 
particles  of  decayed  wood,  mixed  with  bitumen. 
This  name  hath  alfo  been  given  to  an  ochre  of 
the  fame  colour,  \vhich  becomes  red  when  flightly 
heated;  but  in  a  ftronger  heat  again  becomes 
brown;  and  in  a  {till  ftronger  melts  into  black 
glafs.  It  is  therefore  a  compound  of  clay  and 
iron,  but  in  which  the  iron  is  the  prevalent  in- 
gredient. It  does  not  effervefce  with  acids  before 
torrefadtion;  but  after  that  operation  the  martial 
part  is  ealily  atled  on. 


DIFFERENCES  OF  THE  FOREGOING  EARTHS. 

As  the  diftincYive  characters  of  earths  are  found 
varioufly  combined  in  the  earths  above  defcribed, 
t"heir  dilcrimination  will  be  much  affifted  by  fliew- 
ing  the  properties  that  diftinguifli  each  from  all1 
the  others. 

Native  Argill  is  diftinguifhed, 

From  Porcelain  earth,  often  by  its  colour,  or  ef-. 

ferveicing  with  acids,  and  its  cryilalline 

appearance  when  viewed  through  a  lens, 

O  3  its 
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its  more  meagre  feel;   but  beft  by  its 

almoft  total  folubility  in  vitriolic  acid. 
From  Potter's  clayt  by  the  above  properties,  and  a 

ilighter  adherence  to  the  tongue. 
• Indurated  clay,  by  its  colour,  cohefion,  and 

abfence  of  fand. 

•  Slate  clay,    by  its  colour,  cohefion,    frac- 

ture, and  infufibility. 

• Fuller's  earth,  by  its  colour,  meagre  feel, 

and  infufibility. 

Friable   litbomarga,     by    its    meagre    feel, 

flight  adhefion  to  the  tongue,  and  infu- 
fibility. 

.  Indurated  Itthomarga,  by  its  colour,  cohe- 

fion,  meagre  feel,    and  often  by  its  dul- 
nefs. 

Boles,  by  its  colour,  opacity,  frafture,  and 

meagre  feel. 

•  Marls,  by   its  colour,    finenefs,    cohefion, 

abfence  of  calx  and  fand. 

• Colorific  earths,  by   its  colour,    inadhefion 

to  the  tongue  or  fingers. 

Porcelain  Clay  is  diftinguiihed, 

From  Potter's  clay,  often  by  colour,  always  by 
its  friability,  inunclyofity,  finenefs  and 
lighter  adherence  to  the  tongue,  and  leU 
fer  diffufibility  in  water. 

•  Indurated  clay,  by  its  colour,  degree  of  co- 

hefion and  finenefs. 

•  Slate  day,  by  colour,  degree  of  cohefion, 

frafture,  and  finenefs. 

Fuller's  earth,  by  colour,  degree  of  cohefi- 

on, and  inunftuofity. 

From 
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Fvom  Friable  lithomarga,  by  moderate  adhefion 
to  the  tongue. 

—  Indurated  lith.  marga,  by  its  degree  of  co- 

hefion,  of  adherence  to  the  tongue,    and 

by  colour. 
'——  Boles,  by  its  colour,    fracture,    inuncluo- 

fity. 
« Marls,  by  colour,  finenefs,  ineffervefccnce 

with  acids. 

—  Colorific  earths,    by  colour,   Inadhefion  to 

the  fingers,  finenefs. 

Potter's  Clay  is  diftinguifhed, 

From  Indurated  clay,  by  its  degree  of  cohefion, 
Adherence  to  the  tongue  or  fingerSj  unc- 
tuofity,  and  diffufibility  in  water. 

.••  Slate  clay,  as  from  the  laft  mentioned ;  and 
alfo  in  fracture. 

Fuller's  ear lh,  by  colour,  adhefion  to  the 

tongue,  unctuofity,  fufpenfibility  in  wa- 
ter. 

Friable  lithpmarga,  by  its  inferior  finenefs, 

fmoothnefs,  and  adhefion  to  the  tongue ; 
and  its  fuperior  hardnefsand  fufpenlibility 
in  water. 

*— —  Indurated  litkomarga,  by  its  inferior  finenefs, 
hardnefs,  fmoothnefs,  luftre,  and  frac- 
ture ;  and  alfo  by  its  greater  diffufibility 
in  water,  as  well  as  ductility. 

Boies,     by    its   colour,     adhefion    to   the 

tongue,  inferior  finenefs;  and  alfo  by 
fracture  and  diffufibility. 

Marls,  by  its  fineness,  hardnefs,  and  inef- 

fervefcence  with  acids. 

O  4  From 
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From  Colorific  earths,    by  its  colour  and 

vity. 

Indurated  Clay  is  diftinguiftied, 

From  Slate  clay,  by  its  fracture,  and  commonly 
by  its  colour. 

Fuller's  earth,    by    its  hardnefs,   fracture, 

inferior   unctuofny,  and  friability,    and 
^difintegration  in  water. 

-  Friable  lithomarga,  fufficiently  by  its  hard- 

nefs. 

—  Induratedlithomarga,  by  its  inferior  finenefs, 
luftre,  adhefion  to  the  tongue;  and  of- 
ten in  the  fracture  and  unctuofity. 

Boles,  fufficiently  by  its  fuperic.r  hardnefs 

and  finenefs;  and  allb  by  its 'fracture. 

Colorific  earths,  fufficiently  by  its  intindti- 

vity. 

Slate  Clay  is  diftinguilhed  fufficiently, 

From  All  others,  by  its  fradture,  form  and  co- 
lour. .*l%".V.". 

Fuller's  earth  is  diflinguiilied, 

From  Lithcmargas,  by  its  adhefion  to  the  tongue, 
inferior  finene(s,  (and  often)  hardnefs. 

Boles,  by  its  colour,  fracture,  opacity,  and 

inferior  unctuofity, 

Colo,  ific  t arihS)  by  its  intinftivity. 

Friable  Lithomarga  is  diftinguifhed, 

From  Soles,  by  adhering  to  the  tongue,  by  fria- 
bility, and  generally  by  fracture,  colour, 
and  hardnefs. 
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From  Marls,  by  its  finenefs,    adherence  to  the 

tongue,  and  inefTervefcence. 
_—  Colorific  earths,  by  its  intinctivity. 

Indurated  Lithomarga  is  diftinguifhed, 

From  Boles,  by  adherence  to  the  tongue,  opacity, 
and  generally  colour;  often  by  hard- 
nefs. 

< Marls,  by  its  finenefs  and  ineffervefcibility. 

Thefe  earths,  however,  are  often  mixed,  and 
confequently  muft  exhibit  mixed  characters;  but 
by  an  attentive  confideration  of  thefe  the  families 
fo  mixed  may  be  inferred  and  difcovered.  The 
arbitrary  impofition  of  names,  without  any  pre- 
cife  enumeration  of  the  properties  denoted  by 
thefe  names,  has  already  introduced  much  confu- 
iion  in  mineralogy ;  Mr.  Werner  has  laboured  ve- 
ry fuccelsfully  in  removing  it;  the  denominations 
ihould  therefore  in  future  be  taken  in  the  fenle  to 
which  he  has  confined  them. 


6th  Tribe. 
Harfh  and  rough  Earths. 

Of  thefe   are   two   families.      Tripoli,    and 
Pouzzolana,  or  Terras. 


I  ft  Famil. 
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i  ft  Family. 
Tripoli.    Hill  67. 

Colour,  generally  pale  yellowifli  grey,  or  ifa- 
bella,  or  pale  ochre  yellow,  or  pale  or  reddifh 
brown,  or  grevifh,  reddifh,  or  yellowifti  white, 
feldoni  greenifh  white. 

It  is  found  in  a  loofe  earthy,  but  oftener  in  an 
indurated,  conliftence.  « 

Luftre,  o.  Tranfparency,  commonly  o;  yet 
that  of  the  harder  forts,  if  wet,  often  i. 

Fra&ure,  earthy;  in  the  harder  forts  inclining 
to  the  flat  conchoidal,  fometimes  verging  to  the 
ilaty.  Fragments,  o,  i. 

Hardnefs  from  4  to  7.  Sp.  gr.  of  the  harder 
fott,  after  fufficient  ablbrption  of  water,  2,529*. 
Feels,  harfh,  dry,  and  frequently  dufty;  (lightly, 
or  fcarce  at  all,  adherent  to  the  tongue;  takes 
no  poliih  from  the  nail;  does  not  {lain  the  fin- 
gers. 

In  water  the  fofter  forts  foon  crumble  into  pow- 
der; the  harder  forts  imbibe  it,  but  crumble 
(lowly. 

It  does  not  effervefc.e  with  acids,  unlefs  mixed 
with  marl,  as  it  frequently  is. 

It  frequently  reddens  when  heated. 

Mr.  Haaffe  found  this  earth  to  contain  0,90  filcx, 
0,07  argill,  and  0,03  iron. 

*  The  fpecimen,  whofe  fp.  gr.  I  determined,  was  that  in 
Lelke  O.  9^1. 

Another 
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Another  flone,  feemingly  of  this  kind,  though 
differing  in  fome  refpe&s,  was  annalyzed  by  Mr. 
Klaproth,  its  colour  was  whitifh  grey ;  its  frac- 
ture, from  a  number  of  horizontal  rifts,  feemed 
flaty;  to  the  touch  it  was  meagre,  and  adhered 
ftrongly  to  the  tongue.  Its  fp.  gr.  2,080;  it  im- 
bibed water  ftrongly.  He  found  it  to  contain 
0,665  filex,  0,07  argill,  0,025  calx  of  iron,  0,015 
magnefia,  0,0 125  calx,  and  0,19  air  and  water. 
2  Chy.  An.  1790,  302. 

It  is  often  of  pfeudo-volcanic  origin,  as  appears 
from  the  Paris  Memoirs,  of  1769,  276;  and  per- 
haps alfo  fometimes  really  volcanic-,  but  it  alfo 
frequently  arifes*  from  the  decompofition,  or  dif- 
ictegration,  of  other  fames. 


ad  Family.      "f  , 
Pouzzolana,  or  Terras. 

Of  this  I  lhall  treat  under  the  head  of  Volcanic 
Prod  iids. 

Struvian  Clay4*. 

This  is  a  fort  of  clay  lately  noticed,  and  dc< 
fcribed,  by  Profeflbr  Struvius,  and  found  in  thofe 
elevations  that  afford  fait  fprings,  and  therefore 
worthy  of  particular  attention. 

Colour,  dark  bluifh  grey,  inclining  to  black. 

Found  in  confidcrable  maffes. 

*  2  Bergm,  Journ.  1791,  244. 
*  Luftre 
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Luilre  o,  except  in   the   rifts,  and  there  2. 
Tranfparency,  o. 

-  Fracfhire,    earthy,    yet   unequal,    difcovering 
thick  curved  laminse  irregularly  compaded. 

Fragments,  obtufe-angkd. 

Hardnefs  from  4  to  5.     Sp.  gr.  inconfiderable. 

It   ftains   flightly,    adheres  iomewhat    to  the 
tongue,  and  feels  iomewhat  greafy. 

Betides  argill,  it  contains  fome  raagnefia,  and 
calcareous  earth. 


Mifcellaneous  Obfervations. 

Coloured  clays  of  the  common  or  coarfer  kinds, 
which  are  by  French  writers  called  glaife,  were 
found  by  Mr.  Morveau  to  contain  fome  contami- 
nation of  the  vitriolic  acid  ;  but  in  white  clays  he 
could  difcover  none,  i  Encyclop.  Chym.  122. 

This  acid  is  probably  united  to  the  ferruginous 
particles  that  are  found  in  thofe  clays,  and  to 
which  they  owe  their  colour  and  fufibility.  The 
yelltiw,,  however,  fometimes  derive  their  colour 
from  Regulus  of  antimony,  bifmuth,  lead,  filver, 
or  zinc.  Rinman,  Hid.  Ferri  §  197. 

Ehie  clays  and  marls  fometimes  whiten  when 
heated,  and  conlequently  owe  their  colour  to  vola- 
tile matter,  coal,  or  bitumen  ;  but  iome  redden, 
and  contain  pyrites.  This  trial  ihould  be  made  be- 
fore they  are  ufed  as  a  manure  ;  as  the  firft  are  in- 
nocent, the  laft  hurtful.  Neither  Beame  nor  Woulfe 
could  find  any  vitriolic  acid  in  fome  blue  clays, 
moil  probably  in  thofe  of  the  firft  kind,  and  pof- 
fibly  not  even  in  the  fecond,  as  the  barytic  teft, 

the 
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the  niceft  of  all,  was  not  known  when  their  expe- 
riments were  made. 

Mr.  Bergman  found  copper  and  cobalt  infome 
blue  clays ;  from  others  Mr.  Rinman  extracted 
13  per  ct.  of  iron,  and  4  of  lead,  befides  fome 
traces  of  zinc.  §  201. 

Black  clays  are  fometimes  bituminous,  fome- 
times  pyritous. 

Dr.  Watfon,  in  his  elegant  and  ufeful  Tracls, 
vol.  II.  p.  288,  mentions  a  fmgular  clay,  (or  ra- 
ther earth,  fince  it  contains  no  fand,)  which 
burns  to  a  white  brick.  It  contains  25  per  ct. 
of  aerated  calx,  2,2  felenite,  with  a  fmall  quan- 
tity of  calx  of  iron,  the  remainder  argill.  How- 
ever, as  this  clay  was  not  treated  with  vitriolic  or 
any  mineral  acids,  which  alone  can  feparate  the 
argillaceous  from  the  filiceous  parts,  it  is  proba- 
ble, it  ftill  contained  fand  of  great  finenefs.  I 
alfo  believe  the  felenite  to  have  been  formed  du- 
ring the  drying. 

Of  brick  clay  the  colours  are  various,  reddifh, 
bluilh,  brown,  or  yellowifti;  the  bell:  is  that 
which,  when  burned,  has  the  feweft  cracks,  and 
this  depends  on  the  proportion  of  fand  it  contains; 
if  it  contains  too  much,  the  clay  will  not  be  fuf- 
ficiently  ductile  ;  if  too  little,  the  bricks  will  be 
liifty  ;  and  in  that  cafe  more  fine  fand  fhould  be 
added.  Therefore,  potter's  clay,  if  fufficiently 
fandy,  v/ill  ferve ;  the  bed  proportion  is,  I  be- 
lieve,  o}86  filex  to  0,14  of  argill.  Argillaceous 
marls  are  alfo  very  proper,  but  they  ihould.  be 
well  burnt  to  vitrify  the  calcareous  part ;  but  cal- 
careous marls  vitrify  too  eafily,  and  therefore  re- 
quire an  addition  of  clay.  The  coavfe  martial 
clays,  that  contain  fcarce  any  calcareous  particles, 

are 
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are  bed;  when  ilightly  burned  they  are  reddifhj 
when  more,  they  become  yellow,  or  browner. 
Salt  thrown  into  the  kiln  when  at  its  greateft  heat, 
will  vitrify  the  furfaces  of  the  bricks,  and  pre- 
vent their  abforbing  water. 

This  ciay  often  contains  felenite,  which  is  de- 
com  poled  by  the  common  fait  contained  in'mor- 
tar,  and  hence  the  glauber  fa4t  found  efflorefcing 
on  bricks.  This  is  alfo  decompofed  by  the  joint 
action  of  fixed  air  and  lime;  and  hence  the  efflo- 
refcence  of  mineral  alkali.  •.  ' 
-  Volatile  alkali  has  often  been  found  in  clays  and 
earths,  particularly  in  thofe  that  contain  iron ; 
a  circumftance  which  had  long  puzzled  minera- 
logical  writers;  but  which  has  of  late  been  hap- 
pily explained  by  Dr.  Anilin,  whofe  premature 
death  cannot  be  too  much  deplored.  He  has 
fhewn,  by  well  contrived  experiments,  that  when 
inflammable  air,  in  its  nafcent  ftate,  flowly  and 
gradually  meets  mephitic  air,  they  combine  and 
form  vol.  alkali.  Now  iron  in  its  metallic  ftate, 
fojourning  with  water,  always  extricates  inflam- 
mable air;  which  meeting  with  the  mephitic 
part  of  the  common  atmofphere,  thus  forms  vola- 
tile alkali. 


2d  Clafs. 

Stoney  fubflances  of  the   Argillaceous  Genus  not 
mouldering  in  water. 


i ft  Species, 
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ift  Species. 
Argill  combined  with  vitriolic  acid,  or  fulphur. 

This  forms  ores  of  alum,  and  mall  therefore  be 
confidered  in  the  zd  part  of  this  treatife. 

2d  Species. 
Argill  combined  with  the  Phofphoric  Acid. 

Phofpholite. 

The  ftones,  commonly  called  Valentiz  garnets, 
are  fufpedted  by  Mr.  Prouft  to  be  of  this  fpecies. 
I  have  leen  no  defcription  of  them;  they  may  be 
the  garnets  of  Spain,  mentioned  in  i  Raab's  Ca- 
talogue, p.  155.  Thefe  are  of  the  colour  of 
Hyacinth,  tranfparent,  and  of  a  dodecaedral 
figure;  expofed  to  the  blowpipe  they  burfl;  but 
in  a  moderate  heat  they  fwell  like  borax,  whiten, 
and  become  fo  light  as  to  fvvim  on  water,  after 
which  they  are  difficultly  fufible.  i  Ann.  Chym. 
196. 

gd  Species. 
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3d  Species. 
Lepiehlite.     Lilalite  of  fome. 

Colour,  in  the  mafs,  is  violet  blue,  but  in  thin 
lamince  filvery  white. 

Luftre,  pearly,  3.     Tranfparency,  1,5. 

Fracture,  ftreight  foliated.     Fragments  2. 

Prefents  fine  grained  diftinft  concretions,  eafiJy 
feparable. 

Hardnefs,  fro-m  4  to  5,  brittle.  Spec.  grav. 
2,816. 

Before  the  blowpipe  it  melts  with  a  moderate 
fpumefcence  into  a  white  femitranfparent  enamel ; 
with  mineral  alkali  it  flightly  efFervefces,  and 
affords  a  red  and  blue  fpotted  mafs.  Microcofmic 
fait  gradually  diffolves  it;  borax  more  readily; 
the  firft  into  a  white,  the  laft  into  a  clear  colour- 
lefs  pearl. 

Expofed  to  a  red  heat  for  half  an  hour,  it  ac- 
quires an  ifabella  yellow  colour,  and  lofes  about 
i  per  ct.  of  its  weight-,  in  a  melting  heat  it  forms 
an  opake  reddifh  grey  enamel,  glittering  in  the 
fradure,  and  lofes  25  per  ct.  of  its  weight. 

By  the  analyfis  of  Mr.  Klaproth  it  contains 
54,5  per  ct.  of  filex,  38,25  of  argill,  00,75  °f  ^ron 
and  manganefe,  2,5  of  water  and  air.  He  found 
a  lofs  of  four  grains,  which  arofe  from  the  diilipa- 
tion  of  fome  unknown  matter  which  caufed  its 
lufibility. 


4th  Species, 


Sappare*  » 

4th  Species. 
Sappare.     Cyanite  of  Werner. 

Colour,  bluifh  grey,  or  partly  greyilh  blue, 
partly  greenifh  or  yellowifh  grey,  ftreaked  with 
azure  or  deep  blue,  often  in  ibme  fpots  reflecting 
a  filvery  white. 

Lufire,  pearly,  2.3.  Tranfparency,  when 
thin,  3. 

Fra&ure  paffes  from  the  divergingly  broad 
ftriated,  into  the  curved  foliated. 

Fragments  2,  long  fplintery. 

Jt  is  found  of  thin  diftindt  lamellar  concretions, 
which  are  in  part  accumulated  in  grains,  feels 
fomewhat  greafy. 

Hardnefs  from  6  to  9.  Brittle.  Sp.  gr.  from 
3,092  to  3,517.  That  of  the  fpecimen  which  I 
examined,  which  is  the  greyifh  blue,  Lefke  O. 
1 1 85,  was  3,092  -,  that  of  the  fpecimen  examined 
by  Mr.  de  Sauffure  3,517. 

Heated  to  rednefs  it  became  whiter,  and  had  a 
more  talky  appearance;  157°  it  became  almoft 
perfectly  white,  but  looked  duller,  and  betrayed 
not  the  frrftlleft  inclination  to  fufion.  It  is  diffi- 
cultly fufed  by  borax,  fcarcely  by  microcofmic 
fait,  and  not  at  all  by  fixed  alkalis.  According 
to  Mr.  Sauffure,  jun.  it  is  compofed  of  0,6692  ar- 
gill,  0,1325  magnefia,  0,1281  filex,  0,0171 
calx,  and  0,0548  iron.  The  calx  ieems  an  ad- 
ventitious ingredient. 

Mr.  Struvius,  in  Crell's  Annals  for  1790,  gives 

a  very  different  account  of  the  compolition  of 
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this  ftone ;  for,  according  to  him,  it  contains 
0,515  fiiex,  0,305  magnefia,  0,055  argill,  0,04 
calx,  0,05  iron,  0,035  water  or  lofs.  But  his  ex- 
periments not  being  detailed,  nor  his  method 
known,  I  cannot  fee  his  analyfis  in  competition 
with  that  of  Mr.  Sauffure,  which  appears  to  have 
been  carefully  and  fkilrully  executed. 

5th  Species. 
Mica,  Mufcovy  talc,  Glimmer  of  the  Germans, 

Its  colours  are,  grey,  or  yellowifh,  or  greenifh 
grey,  or  filvery  white,  or  yellowifh,  or  reddifh 
brown,  or  copper  red,  or  gold  yellow,  or  moun- 
tain green,  or  greyifh,  or  greenifh  black,  or  leek 
green;  but  blue  it  feems  has  not  as  yet  been 
leen. 

GeneraUy  found  interfperfed,  or  aflbciated  with 
other  (lones,  as  in  granite,  gneils,  or,  though  rare- 
ly cryftalized,  in  hexagonal  plates. 

l.uftre,  commonly  metallic,  3,  4.  Tranfpa- 
rency  in  thin  pieces  3,  4,  2  ;  in  thicker  i. 

Texture  generally  curved  or  undulatingly  foli- 
ated, more  rarely  itreight  foliated,  Hill  kldemer 
fi.riated,  chiefly  broad  ttriated. 

Fragments,  flat,  prefent  fometimes  thick, 
fometimes  oblong  granular  concretions.  Its  la- 
mella; flexible,  a  id  in  fome  degree  elaftic;  feel 
fmooth,  but  not  greafy. 

Hardnets  6.     Sp.  gr.  various;  that  of  mufco- 

vy  talc,  which  confifts  of  broad  colourlefs  leaves, 

is,    according    to    Brilfon,    2,7917;    mod    other 

iorts  abforb  water  ;  the  fp.  gr.  of  the  white,  before 

7  abforption, 
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sbforption,  2,704;  after  abforption,  2,7^9; 
that  of  yellow  mica  before  abforprion,  2,6546; 
after  abforpdon,  2,7037;  that  of  black,  before 
abforption,  2,9004;  after,  2,9386;  ihatofcryf- 
tallized  black  mica,  2,9342.  Ibid.  Hence  we 
fee  the  coloured  micas  abforb  from  ~T  to  T'T  of 
rheir  weight  of  water,  which  accounts  for  their 
ciecompoiition  when  expofed  to  the  influence  and 
variations  of  temperature  of  the  atmofphere, 

Mr.  Snuffure  at  firit  found  all  forts  of  mica  fu- 
fible  into  a  femirranfparent  glafs,  black,  brown, 
or  greenifh,  and  (lightly  porous,  i  Sauff.  95. 
However,  he  afterwards  found  colourleis  micas 
convertible  only  into  a  white  enamel.  2  Sauff. 
136.  Mr.  Sage  found  mufcbvy  glafs  infufible  in 
the  ftrongeft  heat;  in  my  trials  fome  bits  of  muf- 
covy  glafs  were  barely  agglutinated  in  a  heat  of 
163°;  though  they  had  porcelain  grain,  and  ap- 
pearance, yet  they  were  barely  fofcened,  not 
melted;  with  the  help  of  pure  air,  however,  this 
fubftance  forms  a  white  glafs.  Hence  we  may 
infer,  that  even  colourleis  tranfparent  micas  are 
not  all  homogeneous,  fome  being  more  fufible 
than  others  ;  coloured  micas  are  fufible  in  much 
lower  heats;  they  are  little  affefted  by  foda,  but 
borax  and  microcofmic  fait  efTecl:  their  fufion. 

According  to  Baron  Born  thebrownifh  pellucid 
mica  of  Siberia  contains  50  per  ct.  filex,  45 
aerated  magnefia,  and  5  argil!,  i  Raab.  2;8. 

Mr.  Werner  alfo  informs  us,  that  the  micas  in 
gniefs  often  afford  fteatites  by  their  decompo- 
ficion  •,  confequentiy  they  mull  contain  Clex,  ar- 
gill,  and  magnefia. 

I  found  100  parts  of  the  colcurlefs  kind  to 
contain,  38  filex,  28  argill,  20  magnefia,  and 
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20  of  the  moft  perfectly  calcined  iron;  fo  I 
deemed  ir,  from  its  colour  and  the  great  difficulty 
I  experienced  in  diffolving  it.  This  proportion, 
however,  may  admit  of  fome  doubt,  as  1  had  not 
then  devifed  the  more  accurate  method  of  efti- 
mating  the  real  contents  of  precipitates  by  the 
Pruffian  alkali ;  but  as  to  the  other  ingredients  I 
do  not  fufpect  that  any  miflake  could  have  hap- 
pened in  eflimating  their  proportion  to  eack 
other. 


6th  Species. 
Micarelle,  Lefke  O.  999. 

Brownifli  black. 

Found  in  granite. 

Luftre,  metallic,  3.     Tranfparency,  o. 

Fracture,  broad  foliated. 

Hardnefs,  6.     Sp.  gr.  2,980  by  my  trial. 

At  153°  it  melts  into  a  black  compact  glafs,  its 
furface  reddifh. 

By  its  external  characters,  except  fp.  gr.  this 
flone  would  be  taken  for  mica;  its  analviis,  how- 
ever, fhews  it  not  to  be  ib,  as  tne  argillaceous 
ingredient  too  much  exceeds  the  muriatic,  which 
fometimes  is  even  entirely  mifled.  Bergman 
found  one  fpecimen  to  contain  0,46  argtll,  0,40 
filex,  0,05  unaerated  magnefii,  and  0,09  manga- 
nefe  and  iron.  Swed.  Abhand.  178-..,  113. 

Mr.  Klaproth  found  another  to  ccniift  of  0,63 
argill,  0,295  f^ex»  ar|d  °>°675  iron>  a  Bergrn. 
Journ.  1790,  229-  Hence  the  pretence  of  mag- 
nefia  is  merely  cafual  \  therefore  it  muft  be  re- 
garded 
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garded  as  a  diftindt  fpecies  from  mica,  and  hence 
1  have  given  it  the  name  of  micarelle* 


7th  Species. 

Hornblende.     Pierre  de  Come  of  the  French. 
Schorl  en  Mafic,  and  Shorl  Spathique  of  Briflbn. 

Colour,  black,  or  greyifh  black,  or  blackifh 
green,  or  dark  olive  green,  or  leek  green. 

Luftre,  2.     Tranfparency,  o. 

Fracture,  fometimes  ftreight,  or  curved,  or 
divergingly  flriated ;  fometimes  fmall  or  broad, 
ftreight  or  curved  foliated  *. 

Commonly   with   long- grained,    more   rarely 
with  curved  lamellar  diftindt  concretions. 

Fragments,  2;  thofe  of  the  lamellar  variety 
affect  a  rhomboidal  form. 

Streak,  greenifh,  or  greyrfli  green. 

Hardnefs,  from  5  to  9,  fcarcely  reaching  nine. 
Sp.  gr.  per  Briflbn,  from  2,922  to  3,3852,  that 
of  Lefke  O.  1027,  I  found  3,41. 

At  the  heat  of  89°  a  piece  of  the  above  fpeci- 
men  melted  into  a  black  folid  glafs  with  grey 
fpots;  at  a  lower  heat  it  baked  into  a  greenilh 
grey  mafs,  between  a  porcelain  and  an  enamel. 

In  the  year  1783  I  analyzed  a  piece  of  the  foli- 
ated kind,  and  found  it  to  contain  0,37  filex,  0,22 
argill,  0,16  magnefia,  0,02  calx,  (both  the  laft 
aerated,)  and  0,23  of  iron,  not  much  oxyge- 
nated. 

*  Itscrofsfra&ure,  conchoidal,  Lefke  G.  297  Anraerk. 
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In  1787  Mr.  Weigleb  found  another  fpeciincn 
to  contain  0,4083  filex,  0,175  magnefia,  0,1666 
calx,  0,175  iron*.  Here  is  a  deficit  of  fcvcn 
grains;  but,  what  is  moil  remarkable,  he  found  no 
argilL 

To  difcover  which  of  thofe  analyfes  approached 
neareil  to  truth,  I  made  compounds  of 'the  ingre- 
dients given  as  the  refult  ot  each  ;  and  in  the 
proportion  fet  forth  in  each.  I.  found  Weigkb's 
to  give  a  glafs  firr.ilar  to  that  of  hornblende  at  a 
heat  of  i3b.Qj  the  calx  of  iron  I  employed'  was 
thoroughly  oxygenated.  My  own  compound 
gave  allb  an  equally  juft  refult  when  1  uicd  rufl 
of  iron;  but  then  it  got  a  much  higher  heat,  viz. 
j  $6°;  when  I  uled  metallic  iron  inllead  of  ruft,  I 
obtained  only  a  flagg,  and  a  great  part  of  the  iron 
feparated  itfelf  from  the  earths. 

Mr.  Herman  found  black  hornblende  to  con- 
tain 37  per  ct.  (ilex,  27  argil  I,  5  calx,  3  mag- 
nefia, and  25  iron.  5  Berl  Beob.  79. 

This  is  the  Hone  which,  in  conformity  with  the 
moft  eminent  Swedifh  and  French  mineralogies,  I 
denoted  by  the  name  of  hornjtcne  in  my  firfl  trea- 
tife  on  mineralogy.  The  description  I  gave  of  ic 
was  fuch  as  candour  could  not  mitfake  lor  that  of 
petro-filex;  but  as  I  fince  found  that  writers,  who 
apply  this  name  to  (tones  ablolutcly  different  from 
the  fort  of  ftones  called  perronlices,  extended  it 
too  far,  as  will  prefently  be  feen,  I  now,  jn  con- 
formity with  Mr.  Werner,  apply  it  folely  to  thofe 
flones  of  the  filiceous  genus  called  P etrofiiices  ; 
fince,  however,  it  is  Hill  applied  in  various 
lenfes  by  writers  of  great  merit,  it  may  be 

*  2  Chy.  Ann.  1787,  15. 

proper 
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proper  to  trace  its  origin.  This  name  took  its 
rife  from  common  working  miners  ;  they  ob- 
ferved  that  a  fort  of  (lone,  of  a  dufky  colour,  was 
cut  through  with  great  difficulty  by  reafon  of  a 
tenacity  which  relembled  that  of  an  horn  or 
horfe's  hoof  *  ;  now,  a  horfe's  hoof,  when  in  thin 
pieces  has  alfo  a  (light  degree  of  tranfparency, 
this  fort  of  (lone  they  therefore  called  born/lone. 
Mineralogical  writers  obferving  this  combination 
of  properties  not  to  meet  together  in  thefameftone, 
diftinguifhed  two  forts  of  hornftone,  both  of  a 
dulky  colour,  one  that  had  the  femitranlparency, 
but  not  the  tenacity  of  a  hoof  or  horn,  and 
another  which  refembled  that  fubftance  only  in 
colour  and  tenacity.  This  diftinction  I  find  in 
Henckel  on  the  origin  of  ilones  -f.  Since  that 
time  the  German  writers  in  general  have  con- 
fined this  name  with  fome  modification  to  ftones 
of  the  firft  kind;  that  is,  to  the  ftones  that  all 
writers  had  indicated  by  the  name  of  petrcfiHccs, 
and  the  Englifli  in  particular  by  that  of  cb  r/. 
But  the  Swedes  and  French  ftill  apply  it  in  the 
latter  fenfe  *  The  great  weight  of  the  ftone 
called  hornblende  made  the  miners  at  firft  imagine 
it  contained  iome  metal,  but  finding  none  except 
iron  they  called  it  blind,  in  the  fams  fenfe  as  the 
vulgar  do  nuts  without  a  kernel.  Hence  the  name 
hornblende. 

Wallerius  defcribes  what  the    Swedifli  writers 
call  born  ftones,  thus: 

"  Their  colour  is  always  dark,  their  furface 
fmooth,  with  a  greafy   luftre,  their  texture  ftri- 


^  Vogel  Mineral,  p.  i  ?o. 

t  P.  400  of  the  French  Tranflation. 

\Vallerius. 


ated, 
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ated,  lamellar,  fibrous,  orfparry,  eafily  fcrapcd 
by  a  knife,  prefenting  a  greyifh  ftreak  or  powder, 
and  an  earthy  imell  while  fcraping  or  powdering ; 
•when  heated  they  afiume  a  brownifli  red  colour 
and  harden;  in  a  ftronger  heat  they  melt  into  a 
black  fugg,  cr  compact  glafs.  They  do  not  ef- 
fervefce  with  ac'ds,  though  partially  foluble  by 
them  in  a  boilii  g  heat.  Their  fp.  gr.  from  2,8 
to  3, 2." 

This  is  almoft  an  exact  defcription  of  our 
hornblende.  It  is,  he  tells  us,  by  the  Swedes 
calkci  Hi-rnberg,  and  by  the  French  Roche  de 
Come,  and  by  the  Germans  Hornfehteln.  Of  this 
tfone  he  diftinguifhes  four  varieties,  ift  That 
which  is  obfcurely  lamellar  which  he  calls  Comeus 
fohdus  niters  <.iurior.  2d  That  which  is  of  a  flaty 
textuie,  which  he  calls  Hornfcbiefer,  and  is  what 
I  call  Hornblende  flat e*  3d  That  which  is  of  a 
fparry  and  ftriated  texture,  which  he  calls  Horn" 
blende,  or  Strahl  Jkimmer,  or  Shorlbiende,  Roche 
de  Cornejlrie.  And  4th  That  which  breaks  into 
cubes,  or  rhomboids,  which  he  calls  Corneus 
trapezius  and  1rap\  yet  he  tells  us,  that  when 
broken  in  another  direction  itprefents  ccnchoidal 
furfaccs.  Here  he  evidently  confounds  horn- 
blends  with  traps. 

Mr.  Saufiure,  though  well  aware  of  the  double 
fenie  of  the  term  hcrnjione,  yet  relying  on  the  au- 
thority of  Wallerius,  and  unwilling  to  multiply 
denominations,  wrfhed  to  reftrain  its  fignification 
to  the  Ipecies  we  heredeicnoe;  but,  in  following 
\Vallerius  too  implicitly,  he  unwarily  compre- 
nended  flones  under  this  name  which  are  of  a  dif- 
fterent  Ipecies.  Thus  he  reckons  among  corneous 
tones  ibme  which  prefent  no  idea  of  cryftalliza. 
a  tion; 
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tion,  are  deflitute  of  luftre,  and  of  an  earthy 
texture;  namely,  Traps  *.  Thofe  whofe  fracture 
is  lamellar  or  ftriated,  he  tells  us,  are  by  many 
called  Hornblendes ;  the  fp.  gr.  of  thefe  he  found 
inferior  to  that  of  Ihorl,  viz.  2,973,  which  cer- 
tainly is  not  always  the  cafe.  He  thinks  hard- 
nefs  the  external  chara&er  which  chiefly  dillin~ 
guifhes  them  from  fhorls,  and  therefore  calls  all 
thofe  that  are  compofed  of  rectangular  laminze, 
and  which  are  hard  enough  to  give  fire  wich  fteel, 
ihorls;  but,  affuredly,  the  diiiinttion  between 
them  is  grounded  on  more  numerous  differences, 
aswillbeieen  in  the^article/w/-,  and  the  difference 
in  their  compofition  muit  be  co;ifiderable,  (ince 
they  are  completely  fufiblc  at  89°,  and  Ihorls  only 
at  127°. 

Rome  de  Lifle  denotes  the  ftone  of  which  we 
here  treat,  fometimes  by  the  name  of  Jhorl  en 
fjiaffe.  or  continuous  Ihorl,  les  ihorls  en  mattes 
intormes  lamelleufes  defignes  par  les  Allemands 
fous  le  nom  de  hornblendes  -f ,  fometimes  by  the 
name  of  argillaceous  fljorl  \  ;  and  under  thefe  de- 
nominations alfo  he  comprehends  hornblende  flate, 
and  hornblendes  of  a  ftriated  or  fibrous  texture. 

Mr.  Saufllire  applies  the  termjhorl  en  muffe  in 
another  fenle,  which  is  not  eafily  dilcovered,  as  the 
only  mark  by  which  he  diftinguilhes  it  from  other 
fhorls  is  its  hardnefs,  intermediate  between  that 
of  filex  and  limeftone ;  and  its  fpecific  gravity, 
which  he  does  not  determine ;  perhaps  alio  he 
means  (and  this  feems  the  moil  obvious  fenfe  of 


*  i  Sauffure,  69.  75. 
t  2  Cryftallogr.  309. 
J  Ibid.  p.  338.  348.  377.  425. 
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his  expreflions)  that  thefe  criteria  didinguiih  it 
from  other  {tones;  but  furely  not  from  trap  or 
hornblende?  with  which,  however,  by  treating 
them  apart,  he  would  feem  to  wiih  not  to  con- 
found it. 

The  argillaceous  fmell,  by  which  Mr.  Sauflure 
and  I  mylelf  formerly  fought  to  diftinguifh  this 
ip^cies  of  {lone,  is  a  very  fallacious  teft;  for, 
I  have  fmce  found  the  fame  fmell  emitted  by  va- 
rious traps  after  breathing  on  them,  by  ferpen- 
tines,  and  even  earthy  limettones.  Mr.  Defma- 
rerz,  in  the  Mem.  of  Paris,  1775,  denotes  horn- 
blende by  the  names  of  Sborlcs  en  grandes  maffes, 
BLick  Biifalt,  Gabbro  en  mafles  confujes,  indicating 
fhorls  in  general  by  the  name  Gabbro.  This  laft 
appellation  was  grounded  on  a  miftake,  fmce 
detected  by  Mr.  SaulTure. 

Baron  Born,  in  the  defcription  of  Mifs  Pxaab's 
Mineral  Cabinet,  calls  our  {lone  foliated  foor!t 
and  under  the  fame  name  comprehends  alfo  Thu- 
merftcin,  though  its  competition,  as  well  as  ex- 
ternal characters,  are  very  unlike.  With  him 
Mr.  Gerhard,  of  Berlin,  alfo  agrees ;  becaufe 
both  fliorls  and  hornblendes  are  fufible  per  fe  into 
a  black  flag;  but  fo  alfo  are  bafalts ;  muft  they  alfo 
be  confounded  with  the  former  ?  I  fhould  imagine 
that,  until  we  are  much  bttrer  acquainted  with 
tne  competition  and  formation  of  minerals  than 
weareat  prelent,  they  can  fcarce  be  too  minutely 
ciiftinguiihed  from  each  other.  Wallerius  was  very 
pardonable  for  confounding  many  which  were 
litile  known  at  the  time  he  wrote;  but  to  take 
him  as  a  guide,  alter  the  numerous  illustrations 
and  cliftinctions  furnifned  by  Mr.  Werner,  feems 
to  favour  of  prejudice. 

Mr. 
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Mr.  Lenz  mentions  fome  crystallizations  of 
hornblende  diftinct  and  different  from  bafaltic 
hornblende  j  but  neither  Werner's  Catalogue  of 
Mr.  Pnbft's  foffils,  nor  Lefke's,  mention  any  ; 
hence  I  Ihould  fuipeft  it  a  miftake. 


8th  Species. 


Bafaltine.  Bafaltic  Hornblende,  or  Cryftallized 
Hornblende,  of  Werner.  Shorl  Spath,of  Ferber. 
Shorl  prifmatique  hexagone,  of  Saullure. 

Colour,  black,  or  greeniih  black,  or  dark 
green,  or  yellowifh  green. 

It  is  moftiy  found  in  bafalts,  vvacken,  and 
lava  ;  in  the  former  it  is  generally  black,  or  green- 
ifh  biack;  in  the  latter,  of  the  lighter  hue*; 
hence  I  have  called  it  bafaltine.  Mr.  Saullure  has 
allb  found  it  in  granite  -\-.  It  is  found  cryftallized 
in  rhomboidal.  hexahcrdral,  or  octoha?dral  ihort 
thick  prifms  generally  mutilated,  terminated  by 
flatted  three  planed  pyramids.  The  cryilals  not 
feamed  or  fulcated. 

I.uilre,  3.  Tranfparency,  in  very  thin  pieces, 
I  ;  and  tranfmits  a  reddilh  yellow  colour. 

'  i?rac~ture,  foliared,  if  broken  in  the  direclion  of 
the  laminae,  its  crofs  frafture  uneven,  and  often 
conchoidai;  but  in  that  found  in  lavas  the  foli- 
ated texture  is  more  difficultly  difcernible. 

Hardnefs  from  9  to  10.  Brittle.  Sp.gr.  3,333, 
by  my  trial. 

*  4  Revet.  Magaz.  242.  251. 
f  i  Sauffure.  67. 

It 
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It  gives  a  white  ftreak. 

At  119°  it  melts  into  a  glafs  partly  grey,  and 
partly  greenifh  black. 

This  fpecies,  which  the  French,  Swedilh,  and. 
Italian  mineralogifts  have  indicated  by  the  name 
of  fhorl,  or  hexangular  fhorl,  feems  to  be  that 
which  was  analyzed  by  Mr.  Bergman  under  the 
appellation  of  black  ihorl  of  St.  Albano,  deemed 
an  antient  extinct  volcano,  near  Verletri,  in  the 
neighbourhood  of  Rome;  he  found  it  to  contain 
0,58  lilex,  0,27  argill,  0,04  calx,  0,0 1  magne- 
lia,  and  0,09  iron.  3  Bergm.  207. 

The  degree  of  hardnefs  1  have  attributed  to  this 
tfone  is  fuch  as  I  haveobferved  in  the  fpecimen  of 
Lefke  O.  1043,  and  in  Voight's  Collection,  No. 
46.  It  is  faid,  however,  that  fome  are  fofter.  2 
Bergm.  Journ.  1788,  p.  509.  i  Nofe  Orogr. 
Briefe  119,  120.  Hence  this  laft  writer,  a  man 
of  great  iagacity,  and  who  has  beftowed  much 
attention  to  this  fort  of  ftone,  thinks  that  the 
fofter  kinds  ihould  alone  be  called  hornblende 
cryftah)  and  the  harder  forts  rather  garnets,  which 
often  agree  with  them  in  colour  and  form;  but  I 
think  the  much  greater  fufibility  of  bafaltines, 
whether  hard  or  fott,  fufficiently  diftinguifhes 
them  from  garnets. 

The  great  luftre  of  thefeftones,  when  fet  in  ba- 
falts,  frequently  occafions  them  to  be  taken  for 
mica ;  their  quadrangular  Ihape,  however,  may 
always  ferve  to  difcriminate  them. 


9th  Species. 


Re/pendent  Hornblende.  3.  z  ij 

9th  Species. 

Refplendent  Hornblende, 
Of  this  there  are  two  varieties. 

i  ft  Variety. 
Labradore  Hornblende. 

Colour,  in  moft  directions,  greyifh  black,  or 
blackifti  grey;  but  in  other  pofitions  it  reflefts  a 
flrong  iron  grey,  either  fingly  or  mixed  with  dark, 
copper  red. 

JLuftre  in  the  firft  cafe;  o;  in  the  fecond,  3  or  4, 
and  metallic.  Tranfparency,  o. 

Fracture,  moftly  curved  foliated. 

Hardnefs  from  8  to  9 ;  fome  are  faid  to  be  fof- 
ter.  Sp.gr.  by  my  trial,  from  3,35,  to  3,434. 

ad  Variety. 
Schiller  Spar. 

Colour,  yellowifh,  leek  or  apple  green,  or 
golden  yellow,  reflecting  a  white,  grey,  or  yel- 
low, in  certain  fituations,  and  forne  even  in  all 
fituations. 

Generally 
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Generally  found  (hooting  out  of  ferpentine. 

Luftre,  metallic,  4.  Tranfparency,  in  thin 
pieces,  r. 

Fra&ure,  foliated.  Hardnefs  from  8  to  9, 
often  only  7.  Sp.  gr.  by  my  trial,  2,882;  it 
would  have  been  higher  if  I  could  have  feparated 
the  ferpentine  perfectly. 

At  141°  a  part  of  the  fpecimen  I  elke  O.  1041, 
hardened  and  formed  a  porcelain  mats. 

I  had  not  a  fufficient  quantity  of  the  firft  va- 
riety to  examine  its  fufibility;  but  the  infulibiliry 
at  fo  high  a  heat  of  this  variety  at  leaft  ihews  it 
to  be  fpecifically  different  from  common  horn- 
blende. By  the  analyfis  of  Mr.  Gmelin,  it  con- 
tains 0,437  filex,  0,179  argil'»  0,112  magneiia, 
and  0,237  *ron*  *  Bcrgbau.  92. 


loth   Species. 

Shiftofe  Hornblende.  Hornblende  Slate.  Horn- 
blende Gchiefer  of  Werner.  Roche  de  Corne 
ieuilletees.  i  SaulT.  §  166.  p.  119. 

Colour,  greyifh,  or  greeni(h  black,  or  dark 
bluifli  grey,  or  greyifh  blue;  feldom  dark  leek 
green. 

Found  in  large  maffes. 

Luftre,  2,  fometimes  iilky.  Tranfparency,  o, 
rarely  i. 

FradurJ,  in  the  great  flaty  •,  but  of  the  flares 
themfclves,  ftriated,  generally  ftreight  and  inter- 
woven, rarely  diverging. 

It  gives  a  greenilh  grey  ftreak. 

Hardnefs 
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Hardnefs  from  7  to  9,  difficultly  frangible. 
Sp.  gr.  from  2,909  to  3,155,  by  my  trial. 

Heated  to  rednefs  it  becomes  fometimes  reddifli 
grey,  fometimes  reddifli  brown.  At  80  I  melted 
the  fpecimen  Lefke  O.  1037,  into  a  black  corn- 
pad;  glafs  ;  a  fure  fign  that  it  is  not  of  volcanic 
origin.  The  fpecimen  Lefke  O.  1038,  melted  at 
108°  into  a  greyifli  black,  fomewhat  porous 
Slagg,  vvhofe  fp.  gr.  was  2,308  from  the  number 
of  air  holes.  The  fpecimen  Lefke  G.  135,  melted 
at  1 30°  into  a  brownifh  black,  almolt  compadt 
glafs.  Hence  we  need  not  be  furprized  that  it 
was  often  miftaken  for  trap  (called  bafalt).  Voight 
Prack.  Gebirg  §  21. 


nth  Species. 
Wacken. 

Colour,  dark  greenifh,  or  blackifh,  or  yel- 
lowiih,  or  reddifli  grey,  or  greyifh  black,  or  liver 
brown 

Found  in  confiderable  mafles. 

Luftre,  o.  Tranfparency,  o.  It  feels  merely 
as  a  fand  Hone. 

Fracture,  even,  earthy;  feldom  uneven,  and 
then  fine-grained  *. 

.  Fragments,  2.  It  never  prefents  feparate  dif- 
trndr.  concretions. 

.  *  According  to  Hoffman,  i  Bergm.  Journ.  1788,  its  frac- 
ture is  uneven,  and  fine  grained,  approaching  the  Iplintery. 
According  to  Karflen,  it  is  common!/  even,  feldom  uneven. 
3  Uelvet.  Mag.  234. 

Hardnefs 
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Hardnefs  from  6  to  9  *.  Sp.  gr.  by  my  trials, 
from  2,535  to  2,893;  t^lat  o*  the  fpecimen 
Lefke  O.  1047,  **  2?535»  that  °f  O-  1045,19 
2,622:  and  that  of  O.  1046,  152,893.  Thislaft 
is  blackifh  green,  gives  an  earthy  fmell,  and 
pounds  tough,  fo  that  it  would  undoubtedly  pafs 
for  a  pierre  de  come  among  the  French.  Mr. 
Succow  found  that  of  a  wacken,  near  Frankford, 
2,576.  2  Chy.  An.  1786,  430. 

The  greenifh  grey,  Lefke  O.  1045,  melted  at 
12,4°  into  a  yellowifh  grey,  very  porous,  opake 
flagg;  that  of  Lefke  0. 1046,  melted  at  130°  into 
a  true  compact  black  glafs ;  and  fo  did  that  of 
Lefke  O.  1 047.  Hence  thefe  two  laft  do  not  feem 
truly  to  belong  to  this  fpecies. 

It  withers  by  expofure  to  the  atmofphere,  and 
then  becomes  more  grey. 

Its  tranfition  is  into  trap  or  bafalt. 

It  muft  not  be  confounded  with  the  Grau- 
waken  of  the  Hartz.  which  is  a  very  different 
fpecies. 

This  ftone  has  not  as  yet  been  analyzed ;  but 
moft  probably  confifts  of  filex,  argill,  calx,  in  a 
fufible  proportion,  and  iron  in  a  fmaller  propor- 
tion than  the  foregoing,  and  alfo  than  traps  or 
bafalts. 

It  frequently  contains  black  mica  and  bafaltine, 
but  never  olivin. 

*  Nofe  alfo  remarked,  that  it  fometimej  gives  fire  with 
Heel,  i  Nofc,  148. 


1 2th  Species. 
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1 2th  Species. 
Mullen    Stone. 

Colour,  afh,  or  bluifh  grey,  often  mixed  with 
ochry  yellow,  from  the  decom petition  of  its  fer- 
ruginous parts. 

Found  in  confiderable  maffes,  and  frequently 
contains  bafaltine;  it  alfo  often  inclines  to  a  re- 
gular form  moftly  quadrangular,  like  bafalt.  Nofe 
i,  250.' 

Surface,  where  expofed  to  the  air  and  moifture, 
covered  with  a  greyifh  white  rind,  fometimes 
flightly  ochry. 

Luftre,  o,  except  fome  fhining  particles  of 
bafaltine.  Tranfparency,  o. 

Frafture,  uneven,  and  fine  fplintery. 

Hardnefs,  from  7  to  9.     Sp.  gr.  from  2,6  to 

2,738. 

It  frequently  occurs  in  our  Northern  counties 
and  is  by  the  pump-finkers  called  Mullen ;  it  is 
evidently  the  grey  bafalt  of  Ferber,  mentioned 
in  Lefke's  Cabinet,  8.351.  It  feems  to  be  the 
third  variety  of  trap,  mentioned  by  Mr.  Faujas, 
p.  88. 

At  130°  it  melts  into  a  black  compact  glafs. 

See  alfo  the  fpecimen  Lefke  S.  95. 


1 3th  Species. 
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1 3th  Species. 
Kragg-Stone.    Lefke  S.  66 1,   (and  1695 

Colour,  grey iih  red,  or  redd ifti  grey ;  exceed- 
ing porous,  the  pores  often  filled  with  various 
tryflallizations. 

Luftre,  o.     Tranfparency,  o. 

Fradture,  uneven  and  earthy.  Fragments  2. 
Hardnefs  from  5  to  7.  Sp.gr.  2,314. 

Feels  rough  and  harfh,  gives  a  yellowilh  grey 
ftreak. 

At  138°  it  melted  into  a  reddifh  brown  porce- 
lain mafs. 

It  is  found  in  the  neighbourhood  of  Belfaft,  and 
there  called  Kraggftone ;  it  refembles  the  (lone 
mentioned  by  Leike  S.  66 1,  by  him  called  a 
bafalt.  It  feems  alfo  to  be  that  mentioned  by 
Mr.  Faujas  as  the  5th  variety  of  trap,  p.  91. 

This  ftone  is  often  mixed  with  globules  of  mag- 
netic iron  ftone,  which  adds  conliderably  to  its 
fpecific  weight,  as  in  the  fpecimen  Leike  S.  1233, 
whofe  fp.gr.  amounts  to  2,910. 

Thefe  three  fpecies,  viz.  Wacken,  Mullen,  and 
Kragg,  have  been  by  moft  writers  confounded 
with  trap,  but  their  colour,  fp.  gr,  and  fufibility, 
ihew  they  muft  be  diftinguilhed. 


1 4th  Species. 
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1 4th  Species. 
Trap. 

Of  this  I  diftingutth  two  families,  the  common, 
or  amorphous,  and  the  figurate. 

i  ft  Family. 
Common  Trap.     Bafalt  of  Werner. 

Its  moft  ufual  colours  are  the  greyifh  or  bluim, 
or  purplifti  black;  more  rarely  blackifh,  or  red- 
dim  brown  (as  in  the  bafis  of  mandelftein  or 
toadftone)  or  greenifli  grey  j  traps  of  the  laft 
colours  feem  to  me  to  be  mixed  with  other 
fpecies. 

Found  in  large  maffes,  and  frequently  contain- 
ing bafaltine,  quartz,  calcareous  fpar,  calcedony, 
zeolite,  hyalite,  felfpar,  (trap  porphyry,)  and 
olivin. 

Hence  it  is  frequently  found  porous,  cellular, 
and  cavernous,  from  the  decompofition  and  falling 
out  of  thefe  ftones. 

Externally  it  has  frequently  a  brown  or  reddifh 
brown  rind,  from  decompofition. 

Luftre,  o ;  'or  from  (liming  particles  of  bafal- 
tine difperfed  through  it;  fee  Lefke  S.  102,  835. 
Tranfparency,  o. 

Fracture,  earthy,  or  fine  fplintery,  often  un- 
even. Fragments  2,3,  often  tending  to  a  qua- 
drangular form. 

2  It 
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It  often  prefents  fmall  or  coarfe-grained  diftincl: 
granular  concretions. 

Hardnefs  from  8  to  9,  and  difficultly  broken, 
except  vvljen  in  a  (late  of  decompofition,  and  then 
often  only  5  or  6.  Sp.  gr.  when  found  lies  be- 
tween 2,78  and  3,021  exclufively,  by  my  trials; 
the  fpecimen  that  exhibited  the  laft  is  that  in 
Lefke  S.  1695,  \vhofe  colour  is  reddifh  brown, 
and  has  feveral  red  grains  in  it.  The  fpecimen 
Lefke  1223,  which  is  greyifh  black,  has  its  fp. 
gr.  2,728,  but  then  it  is  not  pure;  for,  at  148°, 
it  melted  only  into  a  fomewhat  porous  liver-brown 
mafs,  between  a  porcelain  and  an  enamel.  The 
fpecimen  Leike  G.  264,  which  is  bluifh  or  greenifh 
black,  has  its  fp.  gr.  3,478-,  but  then,  as  Mr. 
Karften  obferves,  it  contains  a  quantity  of  mag- 
netic iron  ftone.  The  fp.  gr.  of  the  (tone  called 
trap  by  Mr.  BrhTon  is  2,745,  and  of  that  which 
he  calls  bafalt  of  an  irregular  form  or  touchftone, 
2,4153;  but  this  moft  probably  is  that  fort  of 
filiceous  fchiftus,  called  lydian  {tone,  of  which 
hereafter.  The  fp.  gr.  of  this  ftone  muft  undoubt- 
edly vary  with  its  ilate  and  degree  of  decompo- 
fition, and  with  the  quantity  and  fort  of  foreign 
ingredients  contained  in  it,  as  well  as  the  propor- 
tion of  its  own  conilituent  parts;  but  we  may 
flate  that  of  the  pureft  at  a  medium  2,87  or 
2,88. 

By  expofure  to  the  influences  of  the  atmo- 
fpaere,  and  often  by  mere  moifture,  this  ftone  is 
frequently  decompofed,  and  invefted  with  a 
brown,  yellowifh,  or  reddifh  brown  rind. 

Expofed  to  a  heat  of  from  120°  to  130°  it  melts 
into  a  black  compact  glafs. 

4  According 
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According  to  the  analyfis  of  Mr.  Bergman,  the 
trap  of  the  mountain  Hunneberg,  in  Weft  Goth- 
land, contains  0,50  filex,  0,15  argill,  0,08 
aerated  calx,  0,02  magnefia,  0,25  iron,  though 
in  the  dry  way  it  would  yield  but  0,10  of  iron, 
3  Bergm.  213.  The  magnefia  is  evidently  of  lit- 
tle importance,  but  we  may  obferve  that  the 
quantity  of  iron  exceeds  that  of  argill,  and  is* 
very  flightly  oxygenated.  It  is  probable  the  iron 
is  fometimes  mixed  with  manganefe  and  fome- 
times  with  nickel,  from  which  laft  the  green 
colour,  may  probably  originate,  which  is  fome- 
times obferved  in  traps,  though  moft  commonly 
it  proceeds  from  the  iron  itfelf. 

Jn  England,  three  varieties  of  trap  have  been 
obferved ;  namely,  toadftone  or  rather  its  ban's  j 
rovvley  ragg ;  and  whinftone.  Mandelftein. 

Toad/lone  is  of  a  dark  brownifti  grey  colour, 
abounding  with  cavities  filled  with  cryftallizel 
fpar,  which,  with  the  brown  colour  of  the  bafis, 
gives  the  whole  the  appearance,  from  which  it 
derives  its  name.  The  cavities,  from  the  deftruc- 
tion  or  decompofition  of  the  fpar  (originating 
from  the  iron  contained  in  it)  are  frequently 
empty.  The  fp.  gr.  of  a  toadftone,  free  from 
calcareous  matter,  was  found  by  Dr.  Watfon, 
2,921;  and  of  another  2,85  •,  but  that  of  another, 
in  a  ftate  of  decay,  2,68  ;  and  of  one  ftill  more 
decayed  2,558.  By  the  analyfis  of  Dr.  Wither- 
ing, this  ftone  contains  0,63  filex,  0,14  argill, 
0,07  mild  calx,  and  o,  16  calciform  iron. 

Rowley  ragg,  or  Ferrilite,  is  of  a  black  colour, 
with  numerous  white  dots,  and  black  lamella?  of 
bafaltine,  which  give  it  a  darkbrownifh  grey  ap- 
pearance.    It  is   found  in   large  mafies,  which 
(^  3  affedt 
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afieft  a  rhotnboidal  form ;  fome  of  thefe  inclofc 
rounded  pebbles  of  the  fame  fubflance.  By  ex- 
pofure  to  the  air  it  acquires  an  ochry  cruft.  In- 
ternally it  hath  fome  luflre  from  a  number  of  mi- 
nute mining  particles.  Fracture,  nearly  even, 
and  fine  fplintery,  yet  often  inclining  to  the  flat 
conchoidal.  Opake.  Hardnefs  9.  Sp.  gr.  2,748, 
by  my  trial. 

Heated  in  an  open  fire  it  becomes  magnetic, 
and  lofes  about  3  per  ct.  of  its  weight.  It  does 
not  redden  ;  but  at  98°  melts  into  a  fomewhat  po- 
rous black  mafs,  partly  porcelain,  and  partly  an 
enamel. 

According  to  the  analyfis  of  Dr.  Withering,  it 
contains  0,475  filex»  °»325  argill,  0,20  calx  of 
iron.  Here  we  may  obferve,  ift,  that  it  contains 
no  calx;  2d,  that  it  contains  lefs  iron  than  argill; 
and,  3d,  that  the  iron  is  in  acalciform  flate.  In 
thefe  refpedts  then  it  differs  from  many  traps,  and 
from  bafalts;  hence  I  call  itferrilite. 

Whin-Jlone  is  a  name  ufed  in  England,  Scot- 
land, and  the  North  of  Ireland.  It  is  of  a  blue, 
or  greyifh  black  colour,  whofe  hardnefs  is  from 
8  to  9.  Sp.  gr.  from  2,4  to  2,88,  is  often  a 
trap*  It  is  found  in  detached  fragments,  or  for- 
ming dykes  in  mines;  of  thefe  a  curious  account, 
by  Mr.  Mills,  may  be  feen  in  the  Phil.  Tranf. 
for  1790,  p.  73. 

The  bafis  of  the  cellular  {lone,  called  amyg- 
daloid, the  mandelftein  of  the  Germans,  is  alfo 
frequently  a  trap,  generally  of  a  greyifh,  black- 
iih  or  reddifh  brown,  or  yellowifh  black,  or  green- 
ifh  grey;  and  has  its  holes  filled  with  quartz, 
fpar,  or  calcedony,  often  with  bole,  &c.  or  empty; 
and  the  fides  of  an  ochry,  or  bluiih  grey  colour, 

derived 
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derived  from  the  ftones  that  fell  out  of  them. x 
That  mentioned  in  Lefke  G.  296,  had  its  fp.  gr. 
2,443,  and  gives  a  reddifh  ftreak.  It  melted  at 
130°  into  a  black  compact  glafs ;  that  in  Lefke 
G.  300,  had  its  fp.  gr.  2,354,  gives  a  white 
ftreak,  and  melts  into  a  mafs  fimilar  to  the  for- 
mer. The  hardnefs  of  both  is  8. 

It  is  the  porofity  of  this  ftone  that  renders  it  fo 
light. 

Its  tranfitions,  and  thofe  of  kragg  and  mullen 
ftones  that  are  nearly  allied  to  it,  are  into  each 
other,  or  into  wacken,  or  argillaceous  marl,  or 
fandftone,  or  fhiftofe  porphyry,  or  amygdaloid. 

Such  of  thefe  ftones  as  are  fpecifically  lighter 
than  2,78  feem  to  contain  wacken,  or  fome 
other  of  thofe  fpecies,  that  border  on  the  genuine 
traps. 

2d  Family. 
Figurate  Trap,  Bafalt.     Bafalt  of  Werner. 

Colour,  greyim  black,  fometimes  bluifh,  or 
browniih  black;  when  withered,  the  furface  is 
greyifh,  or  reddifh  brown. 

Found  in  confiderable  mafles. 

Luftre,  properly,  o;  but  from  fome  ihining 
particles  intermixed  with  it,  i.  Tranfparency, 
o;  yet  fometimes  in  very  thin  pieces,  i. 

Fracture,  compaft,  modlyfine  fplintery;  fome- 
times approaching  to  the  even,  or  flat  conchoidal. 
I  Bergm.  J.  1792,  300.  Fragments,  2. 

Generally  of  a  columnar  form,  ftreight  or 
curved,  perpendicular  or  inclined,  rarely  paral- 
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lei ;  and  when  erect  generally  diverging  beneath  ; 
their  diameter  from  three  inches  to  three  feet, 
fometimes  with  tranfverfe  femifpherical  joints,  in 
which  the  convex  part  of  one  is  inferted  in  the 
concavity  of  the  other  ;  the  angle  of  the  concave 
often  prolongated  where  it  receives  the  convex  ; 
thefe  joints  are  called  articulations.  The  forms  of 
the  columns  are  pentangular,  hexangular,  or 
oftangular,  more  rarely  triangular,  or  quadran- 
gular. Sometimes  the  columns  are  irregular. 

It  is  alfo  fometimes  found  in  rounded  thick 
Jaminar  maffes,  either  fphericai  or  compreffed, 
and  lenticular,  fcmetimesof  a  tabular  form  ;  both 
thefe  and  the  columns  when  broken  prefent  thick 
laminar  concretions  incrufted  with  ochre. 

Hardnefs,  from  8  to  9.  The  pillars  of  the 
Giant's  Caufeway,  expofed  to  the  roughed  fea  for 
more  than  20  centuries,  have  their  angles  as  per- 
fect as  thofe  more  diftant  from  it,  a  complete  refu- 
tation of  Buffon's  Theory. 

Sp.  gr.  of  forne  bafalts  3,000,  according  to 
Bergman ;  of  that  of  the  Giant's  Caufeway,  ac- 
cording to  BrifTon,  2,864;  or>  according  to  Dr. 
Hamilton,  2,900;  of  th-at  of  Fairhead,  according 
to  Mr.  Mills,  2,95.  He  mentions  fome  of  lefs 
denfity,  but  they  are  probably  traps  ;  for,  though 
both  are  of  the  fame  fpecies,  yet  bafalt  is  known 
to  have  moft  commonly  a  fmallerand  clofer  grain. 
^Ir.  Succow  found  a  bafalt  from  Fulda  3,123, 
but  this  was  in  the  temperature  of  65°,  75.  I 
found  that  of  another  from  Saxony,  of  a  pentago- 
nal form,  2,979. 

It  is  fometimes  magnetic,  fometimes  net ; 
Baron  Veltheim  tells  us,  that  among  icofpecimens 
of  the  bafalt  of  Stolpe,  he  fcarcely  met  one  that 

moved 
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Inoved  the  magnetic  needle,  i  Chy.  An.  1788, 
412. 

Frequently  fonorous  when  ftruck. 

Gives  a  grey  (freak. 

When  heated  reddens.  I  melted  that  of  Saxony 
into  a  black  glafs  at  100°,  fo  compact  that  its  fp. 
gr.  was  (till  2,859*  at  I3°°  its  glafs  is  ftill  more 
compact. 

According  to  Mr.  Bergman,  it  confifls  of  the 
fame  principles  as  trap,  and  in  the  fame  propor- 
tion. It  almoft  always  contains  particles  of  bafal- 
tine,  fometimes  alfo  hornblende,  the  German 
bafalts  contain  alfo  olivins;  but  thefe  laft  are  not 
found  in  the  Trim;  alfo,  though  more  rarely, 
felfpar,  quartz,  zeolytes,  fhorl,  and  fpar.  Micas 
are  fcarce  ever  found  in  it,  though  fometimes 
upon  it.  Wacken,  on  the  contrary,  never  exhi- 
bits olivins. 


1 5th  Species. 
Calp,  or  black  quarry  ftone  of  Dublin. 

Colour,  bluifli  black,  or  dark  greyifh  blue, 
varioufly  interfered  with  veins  of  white  calcareous 
fpar,  and  often  inverted,  with  the  fame. 

Found  in  large  mafles. 

Luftre,  o,  except  a  few  Ihining  particles  of 
fpar.  Tranfparency,  o. 

Fradture,  exceeding  fine  fplintery,  patting  into 
the  even,  and  fometimes  into  the  imperfect,  con- 
choidal.  Fragments,  2.  In  the  direction  of  its 
ilrata  it  eafily  fplits  into  large  flaggs. 

Hardnefs, 
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Hardnefs,  from  6  to  7.  Sp.  gr.  from  2,646 
102,70. 

It  gives  a  white  ftreak. 

It  effervefces  with  mineral  acids. 

Gives  an  earthy  finell  when  breathed  on. 

At  130°  melts  into  a  black  compact  glafs. 

Contains  50  per  ct.  mild  calx,  the  remainder 
filex,  argill,  and  iron.  The  argill  feems,  how- 
ever, to  preponderate. 

It  feems  to  be  the  calcareous  trap  of  Lafius, 
Hartz  170;  at  leaft,  this  agrees  with  it  in  colour, 
fp.  gr.  and  in  containing  calcareous  matter. 


1 6th  Species. 

Argillite,  or  argillaceous  Shiftus  or  Slate. 
Schiefer  of  Werner  *. 

Colours,  the  moft  ufual  are  bluifh,  greenifh, 
or  blackifh  grey,  or  the  greyifh  blue,  or  greyifh 
green,  or  greyifh,  bluifh,  or  rcddifh  purple. 
More  rare  are  the  yellowifh  grey,  browniih  red, 
reddifh  brown,  greyifh  black,  bluifh  black,  or 
mountain  green.  Sometimes  with  ftripes  or  fpots 
of  a  darker  colour. 

Found  in  confiderable  ftrata. 

Luftre,  feldom  o,  oftener  i,  from  fome  dif- 
perfed  glimmering  particles,  frequently  2,  and 
iilky,  rarely  3.  Tranfparency,  0,1. 

Fradture,  flaty,  commonly  ftreight,  fome  times 
curved,  or  undulating;  fometimes  thick,  frc- 

*  Werner's  Cronfted  203.  3  Helvet.  Magaz.  1 85  per  Kar- 
fien.  Ldke,  Mufeam,  &c. 

quently 
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quently  thin,  more  or  lefs  difficultly  feparable, 
fometimes  approaching  to  the  foliated.  Frag- 
ments, 2,  frequently  tabular;  fometimes  long 
fplintery,  rarely  trapezoidal,  or  rhomboidal. 

Hardnefs,  from  5  to  8.  £)?.  gr.  from  2,67  to 
2,88;  but  generally  from  2,7  to  2,8.  Lafius 
mentions  one  of  a  pearl  grey  colour,  whofe  fp.  gr. 
is  but  2,500;  Hartz  109.  The  heavier  contain 
an  excefs  of  iron. 

It  gives  a  white  or  grey  ftreak,  fometimes  a 
reddifti  grey. 

It  does  not  adhere  to  the  tongue. 
It  does   not  flain,  yet  Lafius   mentions  one   fo 
foft  as  to  leave   a  white  line,  on  harder  ftones. 
Ibid. 

It  is  compofedof  filex,  argill,  calx,  magnefia, 
and  iron  with  fome  bituminous  particles;  the 
proportions  nearly  in  the  order  I  have  mentioned, 
when  the  mean  of  all  the  varieties  is  confidered ; 
but,  in  the  different  varieties,  the  proportion  va- 
ries confiderably ;  and  hence  the  numerous  varie- 
ties of  this  fpecies:  with  thefe,  mica  or  talc  is 
often  intimately  incorporated. 

Its  tranfitions  are  into  fandftone,  filiceous 
fhiftus,  jafper,  hornftone,  grau-wacken,  fyenite, 
ihiftofe  hornblende,  Ihiftofe  porphyry. 

Very  commonly  it  imbibes  water,  but  different 
Tarieties  abforb  it  in  various  proportions. 

It  fometimes  bears  impreflions  of  vegetables, 
fometimes  of  fliells. 

It  differs  from  Hate  clay,  in  the  form  of  its 
furface,  hardnefs,  fpec.  gravity,  relation  to  wa- 
ter, and  inadhefion  to  the  tongue,  as  well  as  in 
compofition,  containing  more  magnefia  and  iron. 

The 
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The  curved  flaty  argillites  have  their  crofs  frac- 
ture hackly,  and  opake. 

i  ft  Variety. 
Anglefey  Slate. 

Purple,  or  reddifh  purple.  Internal  luftre  i. 
Opake.  Hardnefs,  from  7  to  8.  Sp.  gr.  from 
2,84  to  2,876.  It  does  not  imbibe  water,  gives  a 
reddifh  white  flreak.  Does  not  efferveice  with 
acids,  unlefs  powdered,  and  then  weakly.  Gives 
.a  greenilh  colour  to  nitrous  acid  after  (landing 
fome  days.  Becomes  brownifh  red  when  heated. 
Slightly  detonates  with  nitre.  Melts  into  a  black 
fpongy  mafs.  Contains  0,38  filex,  0,26  argill, 
o,c8  magnefia,  0,04  calx,  0,14  iron  perhaps 
mixed  with  nickel,  or  perhaps  the  green  colour 
of  the  nitrous  acid  may  proceed  from  the  bitumi- 
nous fubftance  contained  within  it,  this  feems 
molt  probable. 

2d  Variety. 
Wcflmoreland  Slate. 

Many  forts  are  found  in  that  county ;  but  that 
which  paffes  for  the  beft  has  its  colour,  bluifli 
grey ;  when  moift,  greeniih  grey.  Luftre,  filky, 
2,  opake.  Hardnefs,  6.  Sp.  gr.  2,752;  gives 
a  white  flreak;  does  not  imbibe  water;  Hightly 
eflfervefces  with  acids  j  by  heat  becomes  reddifh 

brown ; 
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brown ;  and  at  laft,  melts  into  an  opake  glofly 
Hagg. 

The  pale  grey  Hates  of  Weftmoreland  have 
their  fp.  gr.  2,732,  the  purple  2,797,  according 
to  Dr.  Watfon.  Some  of  the  former  afforded 
him  a  ftrong  lime  water  after  calcination.  The 
filky  glofs  intimates  the  prefence  of  magnefia. 

AJb  grey  Slate  of  France. 

According  to  BrnTon  its  fp.  gr.  before  it  ab- 
forbs  water  is  2,6718,  and  after  abforption 
2,6905 ;  it  confeqnently  abforbs  T^.  of  its  weight 
of  water.  Of  other  Hates,  ufed  for  roofs,  he 
found  the  fp.  gr.  before  abforption  2,8535,  and 
after  abforption  2,8592.  The  beft  are  thofe  that 
abforb  leaft. 
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3d  Variety, 
Killas. 

Pale  blntfli  grey,  or  red,  or  whitifh  yellow* 
Luftre,  filky,  opake.  Its  furface  undulated. 
Fracture,  long  fplintery,  and  imperfectly  ilaty. 
Hardnefs,  from  4  to  5 ;  the  whitifli  yellow  ftill 
fofter,  but  that  of  a  dark  grey,  I  am  informed, 
is  9.  The  fp.  gr.  of  the  bluifh  grey  I  found  in 
different  fpecimens  from  2,63  to  2,666 ;  it  con- 
tained by  my  analyfis  0,60  filex,  0,25  argill,  0,09 
magnefia,  and  0,06  iron,  and  fome  petrol  or  bi- 
tumen, as  appeared  by  the  greenifh  hue  which 
it  gave  to  the  nitrous  acid.  As  it  wants  calx  it 
can  fcarce  be  deemed  a  true  argillite. 

4th  Variety. 
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4th  Variety. 

Argillite  of  Differs  Back.    Ldke  0. 9  54. 

Greyifli  black.  Luftre,  ftrong  and  filky. 
Opake.  Frafture,  undulatingly  flaty,  which 
gives  it  a  ftriated  appearance.  Fragments,  ten- 
ding to  the  rhomboidal.  Hardnefs,  6.  Sp.  gr. 
2,727.  At  140°  it  melted  into  a  yellowifh  green 
porous  glafs. 

5th  Variety. 
Grapbolite. 

Black,  or  bluifh  black.  Hath  fcarce  any  luftre. 
Opake.  Splits  eafily  into  fmooth  plates.  Its  crofs 
fra&ure  long  fplintery.  Gives  a  white  Jlreak,  and 
is  generally  ufedto  "write  upon.  Hardnefs,  5.  Sp. 
gr.  2,701.  When  powdered  it  effervefces  with 
acids. 

1 7th  Species. 

Novaculite.   Turkey  hone.   Shiftus  Coticularis  of 
Wallerius.   Pierre  Rafoir.   Wetzftein  of  Werner. 

Colour,  greenilh  grey,  or  inclining  to  moun- 
tain green,  or  pale  greyilh  yellow  j  rarely  fpotted. 

Found 


"Novaculite  239 

Found  in  large  maffes. 

Luftre,  o,  i.     Tranfparency,  i  or  1,5. 

Fracture,  flaty,  but  inclining  ftrongly  to  the 
fplintery;  fbmetimes  alfo  to  the  conchoidal,  and 
earthy. 

Hardnefs,  from  7  to  8,  rarely  9.  Sp.gr.  from 
2,609102,955,  by  my  trial.  According  to  Brif- 
fon,  hone-ftones  for  razors  of  a  dirty  white  abforb 
water,  before  abforption.  the  fp.  gr.  of  one  of 
them  was  2,8763,  and  after  abforption  2,8830; 
fo  that  it  abforbed  T^T  of  its  weight.  He  men- 
tions another  whofe  fp.  gr.  was  3,1398,  whofe  co- 
lour was  black  and  white. 

Some  feel  fomewhat  greafy.  ErTervefce  flightly 
with  acids ;  and  fome  not. 

There  are  other  flones  alfo  ufed  as  hones,  as 
fome  argillir.es  and  fandftones ;  thefe  laft  form  the 
coarfer  whet-ftones. 

Some  at  leaft  are  decompofed  by  expofure 
to  the  atmofphere,  and  form  a  white  earth. 

From  all  this  it  appears  that  this  Species  con- 
tains many  varieties  of  compofition. 

I  fhall  here  mention  a  few  of  thofe  varieties  I 
have  met  with. 

ift,  That  of  Lefke  O.  976,  whofe  colour  is 
mountain  green.  Hardnefs  7.  Sp.  gr.  2,722,  and 
does  not  effervefce  with  acids,  melted  at  120°  into 
a  fomewhat  porous  hard  greyifh  black,  porcelain 
mafs,  whofe  furface  was  vitrified. 

2d,  Another  which  I  bought  in  London:  could 
not  hear  whence  it  came;  but  it  is  ufed  for 
fetting  razors;  was  of  a  greyifh  yellow  colour, 
Luftre,  o.  Tranfparency,  1,5.  Fracture  fplin- 
tery. Fragments,  i.  Hardnefs  from  7  to  8.  Sp. 
gr.  2,609.  And  effervefces  very  llightly  with 

acids. 
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acids.  Heated  to  120°,  it  hardened  fufficiently 
to  give  fire  with  fteel,  and  grew  perfectly  white, 
the  outfide  had  a  glazed  femivitrified  appearance, 
but  the  infide  a  more  diftincl:  unverified  grain. 

gd,  Another  from  the  fame  fhop,  whofe  colour 
was  ifabella  yellow.  Luftre,  o.  Tranfparency, 
icarcely  i.  Hardnefs,  from  7  to  8.  Sp.  gr. 
2,955.  Did  not  efFervefce  with  acids.  At  120° 
it  melted  into  a  yellow  porous  enamel* 


SEC- 


Slllcecus  Genus,  241 


SECTION      X. 


Siliceous  Genus. 


i  ft  Species. 


Mountain  Cry  Hal  and  Quartz. 

1  HESK  form  two  families,  the' only  diffe- 
rence being  in  their  fracture  and  tranfparency. 


i  ft  Family. 
Mountain  cr  Rock  Cryftal. 

When  pureft  it  is  colourlefs,  but  it  is  alfo 
found  greyiih,  and  yellowilh  white,  or  pale 
yellow,  otherwife  called  Citrine,  and  impure 
topaz;  or  pale  or  dark  ";«wn,  or  brown  falling 
into  black,  then  calie  i  Morion,  or,  though  very 
rarely,  pale  role  red,  or  white,  or  brown,  and  iri- 
defcent. 

Itsluftre  giaflf;-,  3.  Tranfparency,  4.  Itcaufes 
a  double  reiraction.^ 

R  The 
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The  forms  of  its  cryftals  are  various,  the  moft 
ufual  is  that  of  hexangular  prifms,  furmountcd 
with  hexagonal  pyramids  on  one  or  both  ends, 
the  angles  of  the  prifm  correfponding  with  thole 
of  the  pyramid;  fometimes  the  pyramids  are 
joined  bafe  to  bafe,  and  frequently  it  exhibits 
but  one  pyramid,  or  a  prifm  without  a  pyramid. 
The  prifms  are  generally  feamed  perpendicularly 
to  their  axis,  the  pyramids  fcarce  ever.  For  other 
forms  I  muft  refer  to  Mr.  de  Lifle. 

Fragments  rounded  by  rolling  in  water  are  alfo 
frequent. 

Its  fracture  is  conchoidal,  but  frequently  fo  flatly 
as  to  refemble  the  foliated. 

Its  fragments,  4  or  3.  Its  hardnefs,  n.  Its 
fp.  grav.  2,653,  when  colourlefs ;  that  of  the  red 
2,67. 


2d  Family. 
Quartz. 

Its  colours  are  various,  white,  grey,  yellowifh, 
reddifh,  or  greenifii  white,  or  yellowifh,  bluifli, 
or  pearl  grey,  or  yellow,  or  fwarthy  brown,  or 
pale  or  blood  red. 

Its  external  luftre  cafual,  the  internal,  3,  2,  or 
I.  Its  tranfparency,  2,3,  rarely  i. 

Commonly  amorphous,  frequently  cryftallized, 
as  mountain  cryftal.  The  prifms  have  fometimes 
been  found  crooked.  N.  A&.,  Petrop.  1785,  p. 
265.  Cubic  cryftals  of  quartz  have  alfo  been 

difcovered. 
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discovered,  i  Lefke  0.418*.  Alfo  in  qua- 
drangular plates  heaped  together;  and  frequently 
in  the  form  of  fand,  and  Ibmetimes  in  columnar 
diftinct  concretions  adhering  together  or  to  each 
other. 

Its  fradture  fine  or  coarfe  fpttntery,  very  rarely 
ftreight  fibrous.  The  fplinters  are  fomedmes  fo 
grofs  and  rounded  as  to  referable  the  conchoidal 
form. 

Its  fragments,  3,  indeterminate;  yet  fome- 
times  rhomboidal.  Lelke  O.  429. 

Its  hardnefs,  10,  brittle.  Sp.  gr.  from  2,64 
to  2,67. 

It  does  not  wither  by  expofure  to  the  air.  Nor 
yield  to  any  acid  but  the  fparry. 

When  heated  to  rednefs  it  lofes  its  tranfpa- 
rency,  which  mountain  crytlal  does  not,  and  ge- 
nerally decrepitates.  It  is  infufible  per  fe  in  any 
heat  but  that  of  pure  air,  which  barely  foftensit. 
But  it  yields  to  alkalis  with  effervefcence  ;  to  bo- 
rax flowly  and  without  any. 

Its  tranfitions  are  into  hornftone,  flint,  corne- 
lian, opal,  calcedony,  filiceous  ftiiftus  and  fand- 
done. 

By  the  niceft  teft  that  could  be  employed  Mr. 
Brugman  could  not  difcover  the  fmalleft  degre 
of  magnetifm  in  mountain  cryftal-j-.  Mr.  Bergrr 
in  one  fpecimen  found  6  per  ct.  of  argill,  and 
calx  -,  but  Mr.  Meyer  in  another  found  only 
ct.  of  argill  \  ;  and  Mr.  Gerhard  frequent' 
none  at  all.     By  long  digeftion  in  acidserbet 


It  has  been  found  alfo  in  quadrangular  ' 
fc,  4t. 


,      . 

f  De  Mngnetifmo,  p.  75.  101 
i  Chy.  An.  1785.  p.  63. 
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and  Mr.  Dorthes  imagine  they  difcovered  fome 
traces  of  iron.  Yet  as  they  employed  the  Pruffian 
alkali,  which  by  long  digeftion  in  acids  always 
betrays  its  own  ferruginous  contents,  I  think 
this  experiment  inconclufive.  The  coloured 
cryftals,  however,  undoubtedly  contain  fome  me- 
tallic particles. 

Varieties  of  this  Species. 

i  ft  Variety.  G/qffy,  other  wife  called  fat  quartz, 
of  a  greyifti  or  bluiih  white,  or  red,  yellow, 
brown,  bluiih  or  violet,  or  brown  or  black.  Its 
hi  ft  re  that  ofgreafe,  more  or  lefs  femi-tranfpa- 
rent.  Its  fradure  grofs  fplintery  and  thence  bor- 
dering on  the  conchoidal,  on  that  account  it  feels 
fmooth,  and  as  if  it  were  greafy.  Its  hardnefs, 
10.  Its  fp«  gr.  2,6459. 

ad  Variety.  Arid,  or  meagre  quartz.  White, 
grey,  brown,  or  greenifh,  has  lefs  luftre  than  the 
former,  and  feels  more  harfh;  its  fracture  more 
fplintery.  Its  fp.  gr.  2,640. 

gd  Variety.  '  Lamellar,  by  fome  called  foliated, 

or  fparry  quartz,  not  from  its  fracture,  but  from 

its  form,  as  it   confifts  of  plates   either  fuperim- 

pofed  on  each  other,  or  more  generally  placed  at 

various  angles  with   each  other,  and  thence  it  is 

called  cellular,  (ometimes  alfo  in  the  form  of  a 

^ck'scomb,  and  thence  called  criftated.     Accor- 

*  to  Baron  Born,  thofe  found  in  Hungary  are 

pntly  partially  foluble  in  nitrous  acid,  with- 

i^vefcence,  as    they  contain  a  confiderable 

"calx,  and  fometimes  alfo  of  barytes.     i 
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4th  Variety.  Stalactite  in  the  form  of  folid  or 
hollow  cones,  or  in  that  of  rofes,  cauliflowers, 
grapes,  &c. 

§th  Variety.     Fibrous,  this  is  exceeding  rare. 

6th  Variety.  Granular,  confifting  of  grains 
compacted  together,  often  refembles  fandftone, 
fometimes  dole  and  forhetimes  loofe.  Mr.  Ferber 
mentions  fome  of  this  kind  that  referable  pumice, 
being  fo  light  as  to  float  on  water;  whole  moun- 
tains he  fays  are  formed  of  it.  N.  Act.  Petrop. 
1785.  p.  265.  Some  are  criftated  and  often 
contain  calcareous  earth. 

Of  the  granular  variety  the  mod  remarkable 
is  that  called  aventurine,  which  contains  fome 
mica  interfperfed  betwixt  its  grains,  and  hence 
reflects  a  metallic  luftre.  Of  which  Baron  Born 
mentions  five  forts,  ift,  The  white  and  femitranf- 
parent,  with  lamellse,  that  reflect  a  filvery  luftre. 
zd,  The  red  or  brownifh  red,  which  reflects  a  gold 
colour,  3d,  The  grey.  4th,  The  green,  both  of 
which  reflect  a  filvery  colour.  5th,  The  black,  re- 
flecting a  golden  luftre. 

yth  Variety.  Rcfy  rtd  quartz,  found  in  Bohe- 
mia and  Bavaria;  is  diftinguifhed  by  its  luftre, 
tranfparency,  and  fra&ure,  which  is  imperfectly 
conchoidal.  It  is  laid  to  derive  its  colour  from 
manganefe. 

8th  Variety.  Honey  yellow,  otherwife  called 
citrine,  or  impure  topaz;  in  Carinthia  this  is 
found  in  pellucid  hexahaedral  prifms,  and  per- 
fectly tranfparent;  but  near  Catharinenberg,  in 
Siberia,  Mr.  Bindheim  found  a  cryftal  of  this  fort 
with  very  finguJar  properties,  in  form  and  tranf- 
parency it  agreed  with  that  of  Carinthia,  but  its 
R  3  hardnefs 
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hardnefs  was,  12.  Its  fp.  gr.  2,755*.  When 
heated  it  attrafted  afties  and  other  light  bodies 
like  tourmaline;  it  even  became  electric  by  fric- 
tion, and  when  fo  attracted  fine  iron  filings.  It 
was  intufible  per  fe,  nor  had  borax,  or  microcof- 
mic  fait  any  effect  on  it,  but  mineral  alkali  fufed 
it  inro  an  opake  opa'iefcent  mafs  without  effervef- 
cence.  By  his  experimefits  it  appear  to  confifl 
chiefly  of  filex,  with  a  few  particles  of  calx  of 
iron  and  lime.  2,  Berl.  Beob.  256. 


2d  Species. 
Amethyft. 

Its  moft  ufual  colour  is  violet  blue  of  different 
degrees  of  intenfity,  alfo  milk  white,  grey,  and 
very  rarely  olive  or  grafs  green ;  often  flriped 
with  two  colours. 

Its  fliape  is  generally  that  of  hexahsedral  pyra- 
mids, yet  often  occurs  in  blunt-edged  pieces. 

Its  internal  luftre,  fometimes  ftrong,  fometimes 
weak  and  very  weak. 

Its  tranfparency,  2  to  4.  It  caufes  a  double 
refraction. 

When  its  luftre  is  ftrong,  its  fratfure  is  con- 
choidal,  when  weaker  fplintery,  when  weakeil 
intermediate  between  the  fplintery  and  the  coarfe 
diverging  fibrous. 

*  The  book  fays  1,755,  but  I  believe  this  muft  be  a  mif- 
take  of  the  prefs,  'otherwife  the  author  would  havenoticcd  a 
c'rcumftance  fo  remarkable. 

It 
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It  often  prefents  irregularly  columnar  diftinc~t 
concretions  approaching  to  the  granular,  whofe 
planes  are  obliquely  Teamed  acrofs. 

Its  fragments,  3.     Indeterminate. 

Its  Hardnefs,  10  or  1 1.  Its  fp.  gr.  from  2,651 
to  2,657. 

It  is  infufible  per  fe  at  160°,  but  lofes  its  colour 
in  a  ftrong  heat  and  becomes  ihivery;  it  is  faid 
to  derive  it  from  manganefe.  By  the  heat  of  pure 
air,  it  is  reduced  to  an  enamel. 

Mr.  Achard  attributes  to  100  parts  of  this 
(lone  60  of  argil!,  30  of  filex,  8,22  of  lime, 
and  1,66  of  iron  *.  Yet  as  its  external  characters, 
and  particularly  its  fp.  gr.  is  fo  low,  I  think  it 
fhould  be  placed  immediately  after  the  quartz, 
at  leaft  until  the  analyfis  be  repeated,  for  its  in- 
fufibility  render  this  fomewhat  fufpicious. 


3d  Species. 
Emerald. 

Its  colour  is  from  the  perfect  to  the  pale  grafs 
green. 

Its  luftre,  3  to  4.  Its  tranfparency,  3,  4,  2. 
Gives  a  double  refraction. 

Its  fhape  hexangular  prifms,  truncated  at  the 
fides  or  angles. 

Its  fracture  conchoidal  inclining  to  the  uneven. 
Its  fragments,  3.  Indeterminate. 

Its  hardnefs,  12.     Its  fp.gr.  2,775. 

*  Quoted  in  6  Leonhardi,  398. 

R  4  Heated 


248  Siliceous  Genus. 

Heated  to  120°,  it  becomes  blue,  but  recovers 
its  colour  when  cold  ;  at  150°  it  melts  per  Je  into 
an  opake  difcoloured  mafs. 

It  is  fcarcely  fufed  by  mineral  alkali,  rather 
better  by  cnicrocofmic  fait,  and  tolerably  well  by 
borax,  when  expofed  to  the  blowpipe. 

One  hundred  parts  of  it  contain  by  Bergman, 
60  argill,  24  filex,  8  calx,  and  6  of  iron;  and  by 
.Achard  60  argill,  25)66  filcx,  8,33  calx,  ard  5 
of  iron.  Neither  of  theie  refnlts  is  improbable. 
Mr.  Quilt  obferved,  that  the  addition  of  lime  ren- 
ders emeralds  more  fufible,  which  is  very  coniif- 
tent  with  its  properties  and  competition. 

Emeralds  are  now  found  only  in  Peru  ;  the 
Brafilian  are  in  reality  actinolites. 

This  ftone  cannot  be  placed  among  the  pre- 
cious, by  reafon  of  its  low  fp.  gr.  and  double 
refractive  power ;  and,  as  it  agrees  in  moft  refpefts 
with  cryftal,  it  may  as  juftlv  be  placed  in  the  fame 
clafsvvith  it  as  amethyft  is  by  many  mineralogifts, 
the  only  reafon  that  could  prevent  it  is  the 
fufibility  of  the  emerald,  which  induces  me  to 
ferrate  them. 

4th  Species. 
Berryll  *.     Aigue  Marine  of  many. 

Its  colour  is  greyifh  green,  often  verging  on 
the  apple  green,  more  rarely  bluifh  green.  Its 
internal  luftre  is  variable.  Tranfparency,  2,3,4. 

*  i  Bergm.  Journ.  1788,  p.  253.  i  Chy.  An.  1790,  p. 
491.  2  Lempe  Magaz.  p.  60. 

Cryftallized 
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Cryftallized  in  equiangular  hexahasdral  prifms 
longirudinally  {freaked. 

Its  longitudinal  fra&ure  is  rather  conchoidal, 
its  crois  really  foliated,  though  it  appears  only 
uneven. 

Its  hardnefs  is  at  leaft  12.  Its  fg.  gr.  from  2,65 
to  2,722. 

It  decrepitates  when  heated  and  generally  is 
difcoloured;  but  dees  not  melt  in  a  heat  of  150°. 
Mineral  alkalis  affect  it  moft,  borax  very  little, 
and  microcofmic  (alt  fcarce  at  all. 

It  becomes  eledric  by  friction ;  but  one  of 
its  poles  is  attractive  whilft  the  other  is  repul- 
five. 

According  to  Mr.'  Bindheim's  analyfis,  100 
parts  of  it  contain  64  of  filex,  14  argill,  8  calx, 
and  1,66  iron. 

It  feems  alfo  to  be  the  (lone  which  Mr.  Heyer 
analyzed  under  the  name  of  Siberian  aigue  ma- 
rine, and  in  which  he  found  0,67  filex,  0,32  ar- 
gill, 0,01  calx,  and  0,002  of  iron  *. 

Mr.  Herman  ,  61  filex,  29  argill,  2  calx,  and 
{.  iron,  7  parts  loft,  i  Chy.  An.  1792,  p.  295. 

^th  Species. 
Prafium. 

Generally  of  a  dark  brownifli,  fometimes  yel- 
lowilh  green. 

Its  luitre,  2.     Tranfparency,  2. 

*  4Berl.Beob.p.  154. 

It 
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It  is  found  either  in  irregular  mattes,  or  cryf- 
tallizeci  in  hexahsedral  pyramids,  or  fmall  hexa- 
hcedral  tables,  fuperimpofed  one  on  the  other, 
and  forming  hexahsedral  prifms,  fometimes  in 
Hender  needle  like  cryftals. 

Its  fracture,  coarfe  fplintery.  Its  fragments 
fluirp. 

Itshardnefs,  10.     Its  fp.  gr.  2,580. 

It  is  capable  of  a  fine  polifh,  but,  after  fome 
time,  is  faid  to  become  turbid. 

It  feems  to  confift  of  a  mixture  of  quartz,  and 
fhoerlaceous  adtinolite,  both  are  even  fometimes 
diftinguifhable. 

6th  Species. 

i  ft  Family. 
Oriental  Ruby. 

Its  colour  is  carmine  red,  fometimes  verging 
to  violet,  or  intermediate  between  carmine  and 
hyacynth  red ;  but  the  fame  ftone  is  in  various 
parts,  fometimes  red  and  white,  or  red  and  blue, 
and  thence  called  fapphire  ruby,  or  oragge  red, 
by  fome  called  vermeille  or  rubicelle. 

It  is  found  cryftallized  in  elongated  hexagonal 
pyramids  joined  to,  and  oppofed  bafe  to  bafe; 
its  fize  feldom  an  inch.  Its  luflre,  3,  4.  Tranf- 
parency,  3,4. 

Its  fradture,  foliated.    Its  fragments,  3. 

Itshardnefs,  17.    Its  fp.  gr.  4,288. 

It 
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It  retains  its  colour  and  is  infufible  in  a  heat  of 
170°,  fomevvhat  difcoloured  and  barely  foftened 
by  the  heat  of  pure  air. 

When  finely  powdered,  borax  melts  it  though 
with  difficulty  into  a  greenifti  glafs,  it  yields 
alfo  to  microcofmic  fait,  but  not  to  fixed  al- 
kalis. 

By  Mr.  Bergman's  analyfis,  100  parts  of  the 
vermeille  kind  contains  40  argill,  39  filex,  10 
aerated  calx,  and  10  of  iron. 

By  that  of  Mr.  Achard,  41,66  filex,  36,66  ar- 
gill, 8,33  calx,  io.83ofiron. 

However,  I  found  a  compound  of  39  parts 
filex,  40  argill,  10  aerated  calx,  and  10  oxyge- 
nated calx  ot  i.on,  to-vieltat  140°,  into  a  greyifh 
black  porous  flagg.  I  therefore  believe  that  the 
proportion  of  calx  fet  forth  in  thefe  analyfes  too 
great.  The  high  fpecific  gravity  of  the  Hone 
prevents  me  from  judging  that  of  the  iron  too 
high. 


ad  Family. 
Oriental  Topaz. 

Its  colour  golden  yellow. 

Luftre,  3,  4.  Tranfparency,  4.  Gives  a  fin* 
gle  refradlion. 

Its  fliape  as  that  of  the  ruby. 

Its  fradture,  foliated      Fragments,  3. 

Hardnefs,   15.     Sp.  gr.  4,0106. 

It  is  infufible  perfet  and  lofes  its  colour,  only 
in  a  very  high  degree  of  heat.  Refifts  alkaline 

fluxes, 
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fluxes,  and  yields  only  to  borax  and  microcofmic 
fait,  with  which  it  yields  a  clear  glafs. 


3d  Family. 
Oriental  Sapphire. 

Its  colour,  Berlin  blue,  but  often  decreafes  fa 
much  in  intensity  as  to  become  almoil  white,  and 
then  called  lux  fappkirc. 

Its  internal  luftre,  3  or  4.  Tranfparency, 
3,  4,  2.  Caufes  fingle  refraction. 

It  is  found  cryflallized  in  the  fame  form  as  the 
preceding  families,  and  often  in  rounded  mafTes, 
the  angles  being  worn  off  by  friction. 

Its  fracture  foliated. 

Its  hardnefs,  17.     Its  fp.  gr.  3991. 

It  is  infufible  at  168°,  and  generally  preferves 
its  colour.  It  is  affected  by  the  ufual  fluxes,  as 
the  preceding  gems.  By  the  heat  of  pure  air  it 
forms  an  enamel. 

The  fapphires,  found  amidft  the  ferruginous 
fand  of  Expailly,  near  Puys  irr  Velay,  feem  of 
this  fpecies.  Their  colour,  liardnefs,  and  tranf- 
parency  being  fimilar,  and  their  fp.  gr.  4,076. 
They  are  very  fmall,  their  form  fomewhat  irre- 
gular from  the  friction  they  muft  have  encoun- 
tered. 

According  to  Mr.  Bergman,  this  (lone  contains 
0,58  argill,  0,35  filex,  0,5  aerated  calx,  and 
0,02  of  iron.  By  Mr.  Achard,  0,5833  argill, 
0,3333  filex,  0,0666  calx,  0,0333  of  iron. 

To 
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To  t-his  family  we  may  alfo  annex  the  (lone 
-failed  Gyrafale,  of  which  we  have  as  yet  no  ana- 
lyfis,  and  but  an  imperfedt  deircription. 

Its  colour  is  white  with  a  flight  tinge  of  red, 
and  a  ftill  lighter  of  blue,  which  gives  it  fome 
refemblance  to  caicedony. 

Its  luitre.  3,4.  Transparency,  3;  givesafingle 
refraction. 

Its  hardnefs,   15.     Its  fp.  gr»  4,000. 

7th  Species. 
Spinell  and  Balafs  Rubies. 

The  colour  of  the  former  a  deep,  of  the 
latter  a  pale  red,  01  inclining  to  orange. 

Luftre,  3.  Tranfparency,  3,4,  Gives  a  fin- 
gle  refraction. 

Irs  form  octohsedral,  confining  of  two  pyra- 
mids, each  of  four  planes,  and  joined  bafe  to 
bafe  ;  or  triangular,  or  trapezoidal  plates  bevilled 
on  the  edges. 

Its  hardnefs,  13.  The  fp.  gr.  of  the  fpinelle, 
3,76,  of  the  balais,  S'(H5- 

By  Mr.  Kl^proth  the  fpinelle  which  he  analyzed, 
and  whofe  fp.  gr.  was  only  3,5700.  contained, 
0,7635  argill,  0,1568  filex,  0,0263  of  iron,  and 
0,0128  calx.  The  remainder  was  loft  in  the  ope- 
ration *.  It  fhould  be  obferved,  that  what  is  here 
called  filex  melted  in  fixed  alkali  without  effer- 
vefceoce,  and  therefore  it  may  be  doubted  whe- 
ther it  be  genuine  filex. 

*  jBerl.Beob.  336. 

The 
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The  (lone  imported  from  Ceylon,  called  ruly 
fpart  whofe  fp.  gr.  is  3,454>  is  an  iridefcetit 
fort  of  fpinell  ruby. 


8th  Species. 

i  ft  Family. 
Occidental  or  Brazilian  Ruby. 

Red  inclining  to  yellow. 

Luftre,  3.  Tranfparency,  3.4.  Produces  a 
double  refraction. 

Shape  quadrangular  rhomboidal  prifms,  fome- 
times  with  and  fometimes  without  pyramids, 
often  difficult  to  determine. 

Fracture  foliated. 

Hardnefs,  16.    Its  fp.  gr.  3,531. 

It  is  infufible  perfe,  even  by  pure  air  it  is  barely 
reduced  to  a  fine-grained  porcelain  mafs. 

2d  Family. 

Occidental  Topaz. 
i  ft  Variety,   Brazilian. 

-    Golden  yellow,  but  paler  than  the  oriental  and 
even  white. 

Luftre,  3.4.  Tranfparency,  3.4.  Produces  a 
double  refraction. 

Shape, 
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Shape,  as  that  of  the  former  family,  the 
prifms  often  longitudinally  Cleared. 

Fra&ure,  foliated.  Hardnefs,  16.  Sp.  gr. 
3,536. 

Expofed  to  a  moderate  heat,  it  is  faid  to  be- 
come red,  and  then  becomes  ruby  of  Brazil ;  in 
a  ftronger,  it  lofes  its  colour ;  however,  it  is  fufi- 
ble  at  1 60° ;  by  borax  it  may  be  vitrified,  and  by 
the  heat  of  pure  air  converted  into  an  enamel. 

2d  Variety. 
Saxon. 

Its  mod  ufual  colour  is  pale  wine  yellow,  rarely 
a  purer  yellow,  often  yellowilh  grey,  or  greyifh 
white. 

Its  external  luftre  cafual,  internal,  3.2!  Tranf- 
parency,  2.3.4.  Gives  a  double  refradion. 

Its  ufual  form,  that  of  an  octangular  prifm. 
Four  of  the  angles  very  obtufe. 

The  planes  longitudinally  ftreaked,  and  cu- 
neiform pyramids.  Often  in  blunt  rounded  frag- 
ments. Fracture,  foliated. 

Hardnefs,  14.  Sp.  gr.  3,564.  The  paled 
called  white  topaz,  3,553. 

When  ftrongly  heated  it  becomes  white  *,  and 
cracks  at  1 60  .  By  pure  air  it  is  converted  into  an 
enamel. 

According  to  Mr.  Bergman,  it  contains,  0,46 
argill,  0,39  filex,  0,08  aerated  calx,  and  0,06 
of  iron. 

*  4Berl.  2eob.  i$,  16. 
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By  Mr.  Weigleb  *,  0,5229  filex,  0,4459  ar- 
gill,  0,025  calx,  °>O03I  of  iron.  This  appears 
the  mod  exaft  ;  for  a  Hone,  compounded  as  Mr. 
Bergman's,  fhould  be  more  fufible ;  in  effect  I 
found  a  compound,  formed  exactly  as  Mr.  Berg- 
man's refult,  to  melt  at  144°  into  a  greyiih 
black  porcelain  mafs  fomewhat  porous. 

3d  Variety. 
Topaz. 

Aigue  marine,  by  fome  called  oriental  aiguc 
marine. 

Its  colour  bluifli  or  pale  green. 

Its  luftre,  4.  Tranfparency,  3.2.  Double 
refraction. 

Found  either  in  rounded  or  lharp-edged  frag- 
ments, or  cryftallized  in  hexahzedral  prifms,  as 
topaz,  furrowed  lengthways. 

Fracture,  foliated.  Hardnefs,  12.  Sp.  gr.  from 

3>47  to  3,548. 

It  is  infuiible  perfe. 


3d  Family. 
Occidental  or  Brazilian  Sapphire. 

|ts  colour  of  all  {hades  of  blue;  often  white. 
In  other  refpecls,  it  agrees  with  the  preceding. 
Its  hardnefs,  15  or  16.     Sp.  gr.  3,1307. 

*  i  Chy.  An.  1786,  p.  111. 
I  It 
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It  is  infufible  perfe,  but  lofes  its  colour  in  a 
heat  of  130°. 

pth  Species. 

•     iT          •  ••to  '* 

Hyacinth. 

Yellowifh  red,  mixed  with  brown ;  one  of 
thefe  colours  fometimes  predominates,  and  fome- 
times the  other,  but  generally  the  red.  Hence 
we  have  the  dilute  red,  and  fometimes  the  blood 
red;  thefe  are  often  miftaken  for  garnets;  but 
thefe  have  generally  a  bluer  tinge,  and  are  fpe- 
cifically  heavier. 

Its  luftre,  3.  Tranfparency,  3.4.  Double  re- 
fraction. 

Its  form  may  be  confidered  as  that  of  a  reftan- 
gled  quadrangular  prifm,  terminated  by  two 
rhomboidal  pyramids;  but  it  generally  occurs 
only  in  blunted  fragments. 

Jts  furface  fmooth. 

Its  fracture  foliated. 

Its  hardnefs,  I2ori3.     Sp.gr.  from  3,687  to 

3>76- 

According  to  Mr.   Quid,  the  reddifli  yellow 

hyacinth,  which  he  calls  true  hyacinth,  being 
packed  in  fand,  acquires  a  pink  colour  in  a  mode- 
rate heat ;  in  a  flronger  it  lofes  its  colour,  but  re- 
tains itstranfparency,  and  does  not  melt  at  160°; 
neither  can  alkalis  flux  it ;  but  borax  and  micro- 
cofmic  fait  a:e  more  effectual. 

S  The 
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The  yellowifh  brown,  though  it  retains  its  co- 
lour in  a  flrong  heat,  yet  melts  at  150°  or  160°  *. 
Hence  thefe  two  appear  to  differ. 

Mr.  Bergman  attributes  to  the  yellower  fort, 
0,40  of  argill,  0,25  of  filex,  0,20  aerated  calx, 
and  0,13  of  iron ;  and  Mr.  Achard,  0,4133  ar- 
gill, 0,2166  filex,  Oj2o  calx,  and  0,1333  °^ 
iron. 

1  found  a  compound,  formed  as  Mr.  Berg- 
man's refult,  to  form  a  grey  mafs  not  well  melted 
at  144°,  yet  glazed  at  the  furface ;  which  (hews 
that  a  few  degrees  more  would  effeft  its  fufion, 
or,  perhaps,  the  fame  degree,  if  longer  con- 
tinued. 


loth  Species. 

Garnet. 
Of  this  we  have  three  varieties. 

ill  Variety. 
Oriental  Garnet.    Carbuncle. 

This  is  fo  called,  not  from  its  being  found  only 
in  the  eaftern  countries,  but  from  its  greater 
perfection;  viz.  hardnefs,  luftre,  and  tranfpa- 
rency. 

Its  colour,  deep  or  blood  red,  yet  inclining  to 
violet. 

*  Mem.  Stock.  176*. 

Its 
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,  Its  internal  luftre,  3  or  4.  Tranfparency,  4. 
!Double  refraftion. 

Cryftallized,  and  prefentirg  either  i2rhomboi- 
dal  planes,  or  24  trapezoidal,  or  36  planes,  of 
which  1 2  are  rhombs,  and  the  24  others  elongated 
hexagons,  interpofed  between  thefe  rhombs,  and 
icme  other  variations. 

Fracture,  conchoidal. 

Hardnefs,  1401  13.  Sp.gr.  from  4,000  to 
4,188, 


id  Variety. 
Common  Garnet, 

Deep  red,  inclining  to  violet,  or  verging  to 
black,  or  olive,  or  leek  green,  or  brown,  feldom 
yellow. 

Its  external  luftre  cafual,  internal  2.3,  Tranf- 
parency, 2.2.1.  Of  the  brownifh  and  blackifh, 
moft  frequently,  o.  Of  the  green  at  moft,  2. 

Cryftallized  as  the  former  variety,  the  furface 
of  the  cryftals  often  diagonally  framed,  frequently 
found  alfo  in  rough  rounded  grains,  or  frag- 
ments. 

Fra&ure  uneven,  inclining  to  the  conchoidal, 
flat  or  imperfect,  often  to  the  fpiintery. 

Hardnefs,  from  10  to  n.  Yet  fometimes 
only  9. 

Specific  gravity,  of  the  red,  from  3,941  Wer- 
ner, to  4,0^-0  BrhTon;  of  the  green,  from  3,75 
co  3,800. 

I  have  found  that  of  fome  fmall  garnets  3,63. 

S  2  Both 
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Foth  varieties  exert  moft  commonly  fome  a&ion 
on  the  magnetic  needle. 

According  to  Mr.  Bergman,  they  are  fufible, 
per  fe,  by  the  blowpipe,  fometimes  into  a  tranf- 
parent  green  glafs,  but  moft  commonly  into  a 
black  flagg.  Alkalis  flux  them  with  great  diffi- 
culty, borax  and  microcofmic  fait  convert  them 
into  a  green  or  black  glafs  *.  Mr.  Gerhard  tells 
us,  that  in  a  ftrong  heat  they  form  a  grey  glafs  -f  ; 
yet  Mr.  Fourcroy,  in  a  ftrong  heat  of  eleven 
hours,  found  garnets  powdered,  barely  foftened 
and  agglutinated  £.  Obferving  thefe  different 
refults,  I  expofed  35"  grains  weight  of  fmall  Bo- 
hemian garnets,  whofe  fp.  gr.  was  3,63,  to  a 
blaft  heat  for  a  few  minutes,  and  found  them 
melted  into  an  opake  dark  grey,  fine  grained  por- 
celain, by  a  heat  of  136^. 

By  Mr.  Bergman's  account  this  ftone  contains 
more  filex  than  argil  1,  and  more  argill  than  calx; 
of  iron  it  contains  from  0,02  to  0,20. 

By  Mr.'Achard,  red  Bohemian  garnet  contains 
0,483  filex,  0,30  argill,  0,116  calx,  and  0,10 
iron. 

Mr.  Wiegleb  found  the  green  garnets  of  Sax- 
ony to  contain  0,3645  of  filex,  0,3083  calx,  and 
0,2875  °f  ifOn  §•  Jf  f°»  tne  green  garnets  be- 
ing alfo  fpecifically  lighter,  we  may  fufpedt  them 
to  be  fpecifically  different  from  the  red.  In 
another  experiment,  however,  Mr.  Wiegleb 
found  the  argillaceous  ingredient  alfo  in  the 
green  ;  and  fo  did  Mr  Merz  •,  for,  in  that  of 
Ehrenberg,  he  'found  0,40  filex,  0,20  argill, 

' 


f  GrundrifT.  in. 

j;  6  Buff.  Mineralogy  251.  in  oftavo. 

§  i  Chym.  Ann.  1788.  p.  201. 

o,c8 
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0,08  calx,  and  0,20  of  iron.  The  12  grains 
miffing  muft  have  been  air  and  water,  and  per- 
haps a  cafual  lofs ;  but  it  zfppears  the  calx  is  ae- 
rated, as  Mr.  Wiegleb  found  alfo  a  confiderable 
deficit  *'. 

It  is   commonly  found  in  fhiftofe    mica,  or 
gneifs,  more  rarely  in  argillites  or  granites. 

3d-  Variety. 
Amorphous  Garnet. 

Its  colour,  brownifh  or  blackim  red. 

Its  luftre>  2.     Tranfparency,  2.1. 

Fradlure,  foliated  and  flaty. 

Hardnefs,  n  or  12.  Sp.  gr.  3,89.  Lefke 
O.  83. 

Found  in  Sweden,  and  the  Eaft  Indies.  See 
Lefke,  50  and  83,  O;  and  alfo  in  Swiflerland  by 
Mr.  Sauffure. 

Mr.  Maquart  mentions  another  variety,  which 
he  calls  the  fubftance  of  which  garnets  are  formed; 
it  confifts  of  ftreight  fibres,  diverging  from  a 
common  center.  Effaies  de  Miner  alogie,  p.  373. 

nth  Species, 
Chryfoberyll  f . 

Its  colour  is  a  dilute  yellowilh  green,  but  like 
an  opal  it  reflects,  feemingly  from  its  infide 

*  i  Voight  Abhandl.  15,  and  22. 

f  2  Bergm.  Journ.  1790,  p.  84,  90.  ^elke,  O.  9.  Gmel. 
Grundr.  p.  22. 
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a  mixed  colour  of  blui(h  green  and  golden  yel* 
low. 

Its  luftre,  3.4.     Tranfparency,  3.4. 

Its  fra&ure  conchoickl. 

Its  hardnefs,  ip.     Sp.  gr.  3,698  to  3,719. 


1 2th  Species. 
Chryfplite. 

Its  moft  ufual  colour  is  yellowifh  green,  mixe4 
with  brovvp,  fometimes  verging  to  the  olive 
green,  and  fqmeiimes  to  pale  yellow,  mixed  v.jth 
grey,  feldom  allied  to  reddiih  brown,  or  grafs 
green. 

Its  internaHuftre,  3.4.     Tranfparency,  4.3. 

It  is  found  partly  in  fharp  uneven  indented 
fragments,  often  rounded  grains,  and  partly  in 
murilated  cryflals,  which  ieem  to  derive  from 
right-angled  quadrangular  prifms,  whofe  angles 
were  truncated. 

Its  furface  has  a  fine  fplintery  or  fcaly  appear- 
ance; but  fuch  of  the  cryftals  as  have  not  been, 
injured  by  friclion  have  their  broadeft  fides 
flreaked  lengthways.  Where  the  furface  has  not 
fuff-'.red  by  attrition,  it  has  a  confiderable  luftre. 

Its  frafture,  in  every  direction,  is  conchoidal. 
Fragnents,  3. 

Its  hardnefs  from  9  to  10.  Brittle.  Sp.  gr. 
from  3.340  to  4,410.  Mr.  Werner  adds,  that 
no  ftonc,  whofe  denfity  is  inferior  to  3,300,  or 
fuperior  to  3,450,  is  a  chryfohte. 

It  is  int'ufitjlc  at  150°,  but  lofes  its  tr'anfpa- 
rency  and  becomes  blackifh  grey.  By  pure  air 

it 
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it  Is  converted  into  an  enamel.  Borax  and  mi- 
crocofmic  fait  effeft  its  fufion,  but  alkalis  have 
fcacce  any  aclion  on  it. 

The  above  account  is  taken,  with  little  altera- 
tion, from  Mr.  Werner's  mafterly  treatife  on 
this  ftone,  in  the  fecond  part  of  the  Miner's 
Journal,  for  1 790.  He  there  ftiews  that  this  ftone 
hath  been  frequently  miftaken,  and  that  olivins, 
greenifti  tourmalines,  chryfoberylls,  olive  green 
amethyfts,  prehnites,  yellowilh  green  garnets,  and 
dark  green  cryftals,  found  nearVefuvius,  have  been 
taken  for  it  by  different  writers ;  nay,  that  Mr. 
Rome  de  Lifle  had  been  fo  far  deceived  as  to 
defcribe  cryftals  of  phofphprite,  and  Saxon 
topaz,  under  the  appellation  of  chryfolites.  Ba- 
ron Born,  in  Raab's  Catalogue,  fell  into  fimilar 
miftakes. 

According  to  Mr.  Achard  it  contains  0,64 
aigill,  0,17  calx,  0,15  Alex,  and  0,0 1 66  of 

jr'PP  *• 


1 3th  Species* 
Olivin  f. 

Its  colour,  light  brownifli  green,  often  inclining 
to  the  yellowilh  and  greyifh  green ;  and,  when 
withered,  to  brownifli  or  ochre  yellow.  Lately 
alfo,  fome  has  been  found  of  a  bluim  or  moun- 
tain green,  i  Bergm.  Journ.  1792,  p.  290. 

Its  internal  luftre,  2.3.     Transparency,  3.2, 


2  Bergm.  Journ.  1790,  p.  69. 
2  Bergm.  Jouru.  1790,  p.  55. 
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It  is  found  generally  in  roundifh  grains,  moftly 
inferred  in  other  ftones;  but  fometimes  in  large 
mafles,  never  yet  cryftallized. 

Fradure,  conchoidal,  approaching  to  the  un- 
even, feldom  imperfectly  foliated  •>  and  then  it  is 
not  certain  that  it  is  not  different  flone ;  or,  per- 
haps, a  variety  of  the  fame  *. 

When  large,  it  prefents  fmall -grained  diftinft 
concretions  eafily  feparable. 

Its  hardnefs,  9.  Brittle.  Sp.  gr.  from  2,96 
to  3,225. 

It  eafily  withers  by  expofure  to  the  open  air. 

By  the  experiment  of  Mr.  Voight  and  Mayer, 
it  is  fufible  into  an  enamel  in  a  heat  of  150°  or 
1 60°. 

Hitherto  it  has  been  found  only  in  bafalts  or 
traps,  and  not  in  wacke,  or  amygdaloids;  yet 
Ivlr.  Lievre  allures  us,  he  dete&cd  it  in  fome 
potfton'es  on  the  Pyrenees.  30  Roz.  397. 

This  flone  is  attacked  by  digeftion  in  nitrous 
acid;  and  its  ferruginous  part  taken  up;  but 
chry  folites  are  not  affected  by  this  acid  ;  •  and  thus 
\ve  have  a  fufncient  criterion  whereby  to 
guifli  them. 


I4th  Species. 

Obfidian. 

Icelandic  agate  of  fome,  lux  fapphire  of  Hun- 
gary. 

*  i  Bergm.  Journ.  1792,  p.  242; 
2  ItS 
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Its  colour,  black  or  greyifh  black ;  in  very  thin 
pieces  dark  green. 

Its  internal  luftre,  3.     Tranfparency,  i. 

It  is  found  in  detached  mafles,  or  inherent  in 
gneifs,  granite,  or  porphyry ;  generally  invefted 
with  a  grey  opake  cruft.  Fichtel  fays  it  has 
been  found  in  the  form  of  a  twelve-fided  pyra- 
mid *. 

Its  fracture,  perfectly  conchoidal,  fometimes 
iridefcent. 

Hardnefs,    10,     Sp.  gr.  2,348* 

It  melts  into  a  grey  opake  mafs. 

According  to  Mr.  Bergman,  Icelandic  agate 
contains,  0,69  filex,  0,22  argiil,  0,09  iron. 

We  have  no  reaion  to  fufpedt  it  of  volcanic 
origin,  as  it  is  found  in  Hungary,  inhering  in 
gniefs,  and  difintegrated  granite.  Gerh.  Miner, 
Syft.  283. 


1 5th  Species. 
Shorl.     Schwartzer  Stangcn  Shorl  of  Werner. 

Its  colour  is  black. 

Its  luftre  2,  common.     Tranfparency,  o. 

It  is  found  either  in  maffes  of  an  indeterminate 
form,  or  cryftallized  in  three  or  nine  fided  prifins, 
which,  when  intire,  are  terminated  with  three- 
ficied  fummits. 

The  furface  of  the  cryftals  is  longitudinally 
ilreaked. 

*  Beytr.   Zur.  Mineral  Gefch.  Siebenburgh,  Theile.  r, 
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The  amorphous  fort  prefents  thin,  ftreight,  dif-. 
tinft,  columnar  concretions ;  fometimes  paralell, 
fpmetimes  diverging  or  ftelliform,  flreaked,  and 
cafily  feparablc  from  each  other ;  very  leldom  ir-> 
regular  granular  concretions. 

Its  fradure  conchoidal,  verging  to  the  uneven ; 
and  hence  often  refembling  the  ttriated. 

The  longitudinal  frafture,  foliated. 

Its  fragments,  3.     Gives  a  grey  flreak. 

Its  hardnefs,  10.  Jt$  fp.  gr.  from  2,92  to 
3,212. 

When  heated  to  rednefs,  it  alters  its  colour  in 
cooling,  to  a  brownifh  red;  at  46°,  it  becomes 
redder;  at  65°,  it  does  not  melt;  but  at  127°,  it 
is  converted  into  a  brownifh  black  compact  ena- 
mel; at  147°,  it  becomes  more  porous,  and  its 
furface  fomewhat  redder.  I  found  its  fp.  gr.  af- 
ter expofure  to  that  heat  2,143,  from  the  nutr^ 
ber  of  fmall  pores. 

The  word  fhorl  fo  frequently  occurs  in  miner 
ralogical  writings,  and  has  been  fo  often  applied 
to  ftones. of  various  fpecies,  not  only  by  different, 
but  often  even  by  the  fame  author,  that  it  becomes 
neceflary  to  point  out  the  different  fenfes  in 
which  it  occurs  amongft  the  moft  eminent  of  thofe 
writers. 

The  term  itfelf  is  derived  from  the  Swedifh 
Jkcrl,  brittle,  and  was  firft  ufed  by  Crpnftedt  to 
denote  a  clafs  of  ftones  of  a  columnar  form  and 
confi^erable  hardnefs  and  denfity;  their  fp.  gr. 
being  from  3  to  3,4.  But  it  unfortunately  hap- 
pened, this  clafs  of  flones  comprehended  many 
of  different  fpecies,  fuch  as  batalts,  aclinolites, 
&c.  And,  as  he  tranflated  this  word  into  Latin 
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fcy  the  bafalt,   the   confufion   was  thereby   in- 
crealed. 

He  does  not,  however,  pretend  it  is  always 
cryftallized;  for,  he  diftinguifhes  four  fores,  the 
the  lad  of  which  only  is,  he  fays,  cryftallized. 

i  ft,  The  amorphous  martial  Jhorl,  or  Jkirlbergi 
this,  VVallerius  tells  us,  is  his  own  i48th  fpe- 
cies,  of  a  green  or  yellowiih  green  colour;  its 
fp.  gr.  3,200,  difficultly,  if  at  all,  giving  fire 
with  rteel.  This  is  what  is  now  called  the  Ge- 
meincr,  or  Common  Ailinolhe,  of  Werner,  as 
far  as  ihis  takes  in  the  amorphous  fort  only. 

id,  'The  jhorl  fpar  of  a  green,  and  fometimes 
of  a  white  colour;  this  is  the  bafaltes  fpatbofus 
of  VVallerius,  and  probably  denotes  the  green 
foliated  hornblende  andfhorlite. 

3d,  The  fibrous,  or  Jlrahl  ftorl;  black,  green, 
and  white;  the  bafaltcs  fiurofus  of  Wallerius, 
which  is  the  cryftallized  common  a&inolite  of 
Werner. 

4th,  "The  Jhorl  cryjlal,  which  he  tranflates  ba- 
ITalies  cryftallifatus,  of  which  he  diftinguifhes  three 
colours,  the  black,  green,  and  recldiih  brown  ; 
as  does  Wallerius,  who,  deceived  by  the  name, 
comprehends  alfo  the  pillars  of  the  Giants  Caufe- 
way  under  this  fpecies.  The  black,  however, 
is  the  real  {hor!'-,  the  other  colours  probably  com- 
prehend a&inolites  and  tourmalines. 

Mr.  Bergman  alfo  diftinguilhes  three  forts  of 
ihorl,  the  fibrous,  which  he  mentions  in  his  trea- 
tife  on  afbeftos,  the  cryftallized,  and  thefcaly; 
this  laft  he  alfo  calls  hornblende  *;  but  the  firft 
melts,  per  ft,  into  a  grey  porcelain  mafs,  and 

*  2  Bergm.  107. 

therefore 
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therefore  does  not  belong  to  this  fpecies; 
the  cryftallized  is  foftened  indeed  by  the 
blowpipe,  but  is  fcarcely  melted  into  a  bead, 
whereas  hornblende  melts  eafily,  and  therefore 
they  are  not  of  the  fame  fpecies;  he  alfo  owns, 
that  the  cryftallized  fort  emulates  the  hardnefs  of 
cryftal,  whereas  hornblende  may  be  fcraped  by  a 
knife.  Again  he  diftinguifhes  the  cryftallized 
into  tranfparent  and  opake;  the  tranfparent  are 
yellow,  or  brown,  but  moftly  green;  the  opake, 
alfo,  black  or  green. 

Thus  the  tourmalines  alfo,  to  fay  nothing  of 
bafaltic  hornblendes,  will  be  comprehended  un- 
der this  denomination. 

Mr.  Sauffure's  definition  of  the  characters  of 
thisftone  is  alfo  too  comprehenfive;  it  is,  he  tells 
us,  "  a  hard  bright  cryftallized  ftone,  partially 
foluble  without  effervefcence  in  acids,  and  fufi- 
bleperfe.  Its  hardnefs,  ioj  its  fracture,  vitre- 
ous ;  its  fpecific  gravity,  far  exceeding  that  of 
cryftal ;  its  colours,  green,  yellow,  or  black  •," 
to  which  he  afterwards  adds  white,  and  alfo  ba- 
faltic hornblende. 

Mr.  Rome  de  Lifle  conftantly  confounds  Ihorls, 
sclinolites,  tourmalines,  and  bafaltic  hornblendes; 
yet  he  owns  that  he  long  hefitated  whether  he 
ihould  not  confider  thefe  laft  as  a  diftincT:  fpecies; 
he  calls  them  volcanic  Ihorls. 

To  Mr.  Werner's  fagacity  we  owe  the  precife 
chara&ers  by  which  thefe  different  fpecies  are  now 
accurately  difcriminated;  and  which  we  have 
enumerated  in  treating  of  each. 

From  the  indifcriminate  application  of  this  name 
to  ftones  of  different  fpecies,  we  are  at  a  lofs  to 

know 
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know  to  which  of  them  the  few  analyfes  we  have 
.of  Ihorls  fhould  be  particularly  applied. 

Mr.  Bergman,  in  his  Treatife  on  Gems,  tells 
us,  that  fhorl  contains  a  larger  proportion  of  filex 
than  garnet  does  (and  in  garnet  the  filiceous  is  the 
moil  copious  ingredient);  next  to-that  the  argil- 
laceous; and  next  to  that  the  calcareous  is  the  moft 
prevalent.  In  black  fhorls,  he  tells  us,  iron  ifin 
the  proportion  of  20  per  ct.  however,  as  he  men- 
tions yellow,  brown,  and  green  fhorls,  it  is  uncer- 
tain to  which  of  them  this  gradation  of  ingredients 
fhould  be  attributed. 

Mr.  Wiegleb,  indeed,  feems  to  have  analyzed 
the  genuine  fhorl  of  which  we  here  treat;  yet  his 
account  differs  in  many  circumftances  from  that 
of  all  other  chemifts;  for,  in  the  firft  place,  he 
found  that  unlefs  the  union  of  its  conltituent  parts 
were  weakened  by  calcination  with  an  alkali,  fpi- 
rit  of  nitre,  even  by  long  digeflion,  could 
diflblve  no  part  of  it  *.  And  again  he  tells  us, 
it  contains  no  calx,  but  only  0,3416  filex,  0,4125 
argill,  0,2,0  iron,  0,0541  manganefe  -f-. 

Mr.  Chaptal,  on  the  other  hand,  relates,  that 
he  found,  in  the  black  prifmatic  fhorl  of  Gevau- 
dan,  0,52  filex,  0,37  argill,  0,05  calx,  0,03 
manganefe,  and  0,03  of  iron.  2  Chaptal,  p. 
123. 

Mr.  Sauffure  alfo  informs  us,  that  the  fhorls 
he  examined  were  in  great  meafure  foluble  in 
nitrous  and  all  the  mineral  acids  without  any 
previous  operation,  and  contained  both  magnefia 

•-••--:  b  ^fc^^^^^-V^^1-'* 
*  i  Chym.  An.  1785.  p.  246. 

f  i  Crell  Beytrage.4  Stuck,  p.  33. 

and 
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and  calx,  as  well  as  argill,  filex,  and  iron,  t' 
Sauff.  p.  64,  65,  &c. 

Mr.  Bergman  even  thinks  calx  an  ingredient 
cfiential  to  fhorl  *.  In  the  analyfis  he  gives  us 
of  the  black  cryftallized  Ihorl  of  Mount  ^Ibano, 
he  found  both  calx  and  magnefia,  but  this  was 
rnofl  probably  a  bafaltic  hornblende. 

Mr.  Bindheim  alfo  found  21,6  per  ct.  in  what 
he  calls  prifmatic  Ihorl  difcovered  in  limeftone  in 
the  Carpathian  Mountains;  but  it  is  not  clear,  as 
ro  defcription  is  given,  what  {lone  it  really  was. 
Mr.  Bergman  thinks  it  was  a  zeolyte  -J-.. 

I  tried  Mr.  Wiegleb's  refult  fynthetically,  and 
found  a  compound  exactly  formed  as  his  refuk, 
omitting  only  the  manganefe,  fcarcely  fufiblc 
at  148°;  it  formed  only  a  greenifh  black  porous 


To  comprehend  in  one  view  the  different  figni- 
fications  of  this  term,  we  may  obferve,  that  what 
are  called, 

White  Shark,  are  fhorlites,  or  acicular  baro- 

felenites; 

Yellow,  bafaltic  hornblendes; 
Reddljh  brown,    bafaltic   hornblendes,   and 

fometimes  tourmalines; 
Green,    if  fibrous,   fhorlaceous,  V)r  vitrous 

a&inolires  ;  if  grofler,  prehnites;    fome- 

times   even   hornblende  is   called    green 

ihorl  J  ; 

*  Schwed.  Abhand.  1784,  p.  113. 
•f-  a  Lhy.  Ann.  1784,  p.  396. 

t  For  inftance,  by  Mr.  Beffon,  fee  E  finer  Freymutk 
Ged«inken,  p,  37,  38. 
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Violet,  thumerftein; 

Blue,  fappare; 

Black,  and  hexagonal,  or  volcanic ,  are  alfo 
bafaltic  hornblende; 

Red  Jhorls,  longitudinally  ftreaked,  have 
been  lately  found  in  Hungary,  i  Raab. 
1 68.  I  have  alfo  obferved  one  in  Lelke's 
collection  O.  171;  but  fo  fmall,  and  fo 
firmly  ftuck  in  quartz,  that  I  could  make 
no  experiments  upon  it,  Rubellites  are 
alfo  fo  called. 


1 6th  Species. 
Tourmaline. 

The  ufual  colour  is  brown,  often  fo  dark  that, 
when  not  held  to  the  light,  it  feems  black,  yet 
often  fo  light  as  to  approach  to  the  hyacinth  red; 
fometimes  it  verges  to  the  olive  green,  or  dark 
green  ;  it  is  even  found  blue.  Mr.  Bergman 
tells  us,  that  of  Ceylon  is  dark  brown,  or  yellow* 
ilh;  that  of  Brazil,  greenifh,  bluifh,  reddifh,  or 
yellowilh  brown;  that  of  Tyrol,  by  reflected 
light,  blackifh  brown ;  but,  by  tranfmitted  light, 
yellowifh,  or,  in  thin  pieces,  greenifh.  That  of 
Switzerland  blackifh. 

Its  internal  luftre,  2.3.  Tranfparency,  3.4.2. 
and  j,  when  black. 

It  is  found  in  detached  blunt-edged  pieces,  or 
grains,  or  cryflallized  in  flender  three  or  nine  fided 
prifms,  with  a  tetrahsedrai  fummit. 

The 


2  7  *  Siliceous  Genus » 

The  furface  of  thefe  cryftals  is  often  fmooth, 
but  often  alfo  longitudinally  Teamed. 

Its  fra&ure  conchoidal,  yet  fometimes  difco- 
vers  fome  tendency  to  the  foliated. 

Fragments,  3.  The  detached  amorphous  pie- 
ces difcover  columnar  concretions. 

Its  hardnefs,  from  9  to  1 1.  Sp.  gr.  from  3,05 
to  3,155. 

But  its  mod  remarkable  character  is  the  elec- 
trical power  it  acquires  when  heated  to  about 
200°,  of  Fahr.  fo  that  it  attracts  and  repels  afhes, 
and  other  light  bodies ;  yet  this  property  is  faid 
to  have  alfo  been  found  in  opake  fhorls.  2  Bergm. 
p.  124. 

It  reddens  when  heated,  and  is  fufible  per  fet 
the  cryftalized  with  intumefcence;  and  that  from 
Ceylon  or  Tyrol  forms  a  wbitiflj  fpungy  enamel ; 
the  uncryftallized,  that  of  Brazil,  melts  mere 
difficultly, 

Hence  we  fee  that  tourmalines  differ  from 
fhorls  generally  in  colour  and  tranfparency;  but 
chiefly  in  the  refults  of  their  fufion. 

Neither  microcofmic  fait,  nor  mineral  alkali, 
readily  flux  it;  nor  borax,  though  its  action  is 
more  fenfible. 

The  mineral  acids  extract  both  calx  and  iron 
from  it  when  barely  pulverized,  and  after  long 
digeftion  or  dillillation  ;  but  do  not  decompofe  it 
perfectly  without  particular  management. 

.i^.f  -rrT     .£.±  tr:?k»!  ; 

i  .ab 
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The  proportion  of  ingredients  in  the  tourmalines 
of  Cevlon,  Tyrol,  and  Brazil,  according  to 
Mr.  Bergman,  aftd  in  that  of  Mount  Gothard, 
in  Swifferland,  according  to  Struvius,  is  as 
follows: 

Ceylon.   Tyrol.   Brazil.  St.  Gotlard. 

Silex  37         40         34  37,5 

Argill  39         42         39  38,5 

Calx  15          12          ii  10 

Iron  965  9 


1 7th   Species. 

Thumerftone  *.  Shod  Violet  de  Dauphine,  Glafs 
Shod  of  fome. 

Its  colour  is  clove  brown,  often  very  light,  or 
inclining  to  red,  greenifh,  or  pearl  grey;  or  in- 
clining to  violet,  or  black. 

Its  luftre,  2.  Tranfparency  of  the  amorphous, 
z.i;  of  th?  cryflallized,  3.4. 

It  is  found  either  amorphous  or  cryftallized; 
the  amorphous  is  lamellar,  tnd  nearly  foliated. 

Thecrvftallized  forms  flat  rhomboidal  crylials, 
\vhofe  angles  are  truncated. 

The  faces,  except  where  truncated,  generally 
longitudinally  ftreaked;  the  grey  are  often  cellu- 
lar, and  the  cells  filled  with  the  brown  variety. 

The  rV'Oture,  minute  conchoidal,  inclining  to 
the  uneven.  Fragments,  3. 

.    *    i  Bergman,  Journ.  1708,  p.  55,  and  262.     i  Helvet. 
Magaz.  180. 

T  Its 
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Its  hardnefs,  10,  9.     Brittle.     Specific  grav. 

3>295^- 

When  heated  little  above  rednefs,  it  fwells  and 
foams  like  zeolyte,  which  proves  it  to  be  fpeci- 
fically  different  from  ftiorls,  and  at  laft  melts  into 
a  hard  black  enamel. 

According  to  Mr.  Klaproth,  it  contains  0,527 
filex,  0,256  argill,  0,094  calx,  0,096  calx  of 
iron,  and  fome  manganefe. 

It  is  found  cryftallized  in  Dauphine,  and  near 
Bareges,  and  amorphous  in  Saxony,  near  Thum, 
whence  Mr.  Werner  calls  it  Thumerftein. 


1 8th  Species. 
Prchnite  *. 

This  (lone  has  been  denoted  by  various  names. 
By  fome  it  has  been  called  green  fhorl;  by 
others,  emerald,  or  prafium,  or  chryfoprafium ; 
and  even  feltfpar,  and  chryfolite,  and  zeolite  of 
the  cape. 

Its  colour  is  apple  green,  or  greenifh  grey,  of 
various  degrees  of  intenfity. 

Its  external  luilre,  2.  Its  internal  lefs,  and  of 
the  pearly  kind.  Its  tranfparency,  3.2. 

It  is  found  both  amorphous  and  cryftallized. 
The  amorphous  prefents  either  a  foliated  or  ftri- 
ated  texture;  the  foliated  confifts  of  large  or 
fmall-grained  diftintt  concretions,  and  the  ftnated 
forms  imperfedt,  flender,  columnar  concretions* 

*  i  Bergman's  Journal,  1790,  p.  no.  32  Roz.  Journ. 
82.  i  Ann.  Chy.  202. 

The 
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The  cryfiallized  forms  either  low,  fmall,  compref- 
fed,  flat,  quadrangular  prifms,  or  tables;  and  fome 
with  truncated  angles,  and  heaped  together,  or  in 
groups. 

The  principal  fracture  is  foliated,  feldom  ftri- 
ated;  the  crofs  fracture  uneven,  and  fine  grained. 
Its  hardnefs  from  9  to  10.  Brittle.  Its  fp.  gr. 
2,94.23. 

Expofed  to  the  blowpipe,  it  fwells  and  foams 
when  heated  to  rednefsftill  more  than  zeolites  do, 
and  melts  into  a  brown  enamel,  fmooth  on  the 
outfide,  but  fpungy  and  porous  underneath. 

Of  the  ufual  fluxes  borax  is  the  moft  effec- 
tive; with  alkalis  it  forms  only  an  enamel,  but 
microcofmic  fait  forces  it  into  an  opalefcent 
glafs. 

By  the  analyfis  of  Mr.  Klaproth,  it  contains 
0,4383  filex,  0,3033  argill,  0,1833  calx,  0,0566 
iron,  and  0,0183  of  water  and  air. 

By  that  of  Mr.  Haflenfratz,  0,50  filex,  0,204 
argill,  0,233  calx,  0,049  *iron*  °>°°9  water,  and 
0,005  niagnefia. 

This  (tone  was  firfl  found  near  the  Cape  of 
Good  Hope  by  Capt.  Prehn,  hence  Mr.  Werner 
calls  it  prehnite.  Lately,  it  has  been  difcovered 
near  Dumbarton,  in  Scotland,  by  that  accurate 
obferver  Mr.  Grotfche.  It  has  alfo  been  found  in 
Dauphine. 

Inluftre,  texture,  and  intumefcence,  it  refem- 
bles  zeolites,  but  differs  in  hardnefs,  fpecific  gra- 
vity, colour,  relation  to  fluxes,  and  alfo  in  con- 
ftitution,  for  it  contains  iron;  neither  does  it 
.gelatinate  with  acids  as  zeolites  'do.  On  the  other 
hand,  it  differs, from  Ihorls,  by  its  frafture,  intu- 
mefcence  when  heated,  greater  fufibility,  and  rhe 
T  2  porofity 
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porofity  of  its  enamel.  Hence  Mr.  Werner  juftly 
cohfiders  it  as  a  particular  fpecies,  but  nearly 
allied  to  zeolite. 


1 9th  Species. 
Jidelite,  or  Siliceous  Zeolite  *. 

-  Its  colour  is  light  grey,  fometimes  with  a  tinge 
of  red,  or  yellowilh  brown,  green,  or  yellowiih 
green. 

Its  luftre,  o.i. 

Its  form,  tuberofe,  or  knotty. 

Its  fracture,  ftriated,  but  fometimes  fplintery, 
like  quartz. 

Its  hardnefs  from  9  to  10.  Sp.  gr.  2,515, 
when  penetrated  with  water,  of  which  thefe  ftones 
abforb  about  -^  of  their  weight,  and  fometimes 
more. 

The  external  characters  are  but  imperfe&ly 
given,  as  I  neither  poffefs  any  fpecimen,  nor  have 
feen  any  juft  defcription  of  it. 

Treated  by  the  blowpipe  it  intumefces,  and 
gives  a  frothy  mafs. 

It  contains  from  0,62  to  0,69  (ilex,  0,18  or 
0,20  argill,  0,08  or  0,16  calx,  and  0,03  or  0,04 
of  water.  Per  Bergman,  Mem.  Stock.  1784,  p. 
114' 

Thefe  ftones  have  hitherto  been  found  only  in 
Sweden,  at  Adelfors,  and  Mefieberg,  and  muft 
not  be  confounded  with  zeolites  mixed  with  filex 
or  calcedony,  which  are  much  more  common, 

*  Schwed  Abhandl.  1784,  p.  114. 

and 
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and  abound  in  Auvergne.  They  have  hitherto 
been  clafled  with  common  zeolites,  becaufe  they 
confift  of  filex,  argill,  and  calx,  in  a  proportion 
progreflively  diminiming,  and  anfwer  to  Mr. 
Bergman's  formula  fac^  as  he  himfelf  tells  us, 
and  becaufe  they  contain  water,  and  fwell  or  froth 
before  fufion,  and  have  a  ftriated  texture.  But, 
if  thefe  reafons  were  valid,  prehnite  fhould  alfo  be 
reckoned  a  zeolite ;  for,  its  competition  corre- 
fponds  with  the  formula  fac\  it  contains  water, 
intumefces  before  fufion,  and  has  a  ftriated  tex- 
ture; yet  mod  mineralogifts  conlider  it  as  a  dif- 
tinc~t  fpecies;  the  proportion  of  ingredients  muft 
be  confidered,  and  in  this  cafe  the  proportion  of 
water,  which  I  look  upon  to  be  eflential  to  zeo- 
lites, is  wanting;  for  this  ftone  contains  only  3 
or  4  per  ct.  a  proportion1  not  exceeding  that  in 
feveral  other  fpecies  of  ftones,  and  merely  acci- 
dental; indeed,  any  quantity  below  5  perct.  (ex- 
cept a  metal)  makes  no  alteration  in  the  notable 
properties  of  any  flone,  as  I  have  before  re- 
marked. 

On  the  other  hand,  a  hardnefs,  not  fufficient 
to  give  fire  with  fteel,  is  a  property  laid  down  as 
one  of  the  criteria  of  zeolites  by  Cronftedt,  other- 
wife  fufficiently  carelefs  of  external  characters; 
and,  in  effect,  is  found  in  all  thofe  that  poflefs  the 
true  conftituent  parts  of  zeolite,  and  in  due  pro- 
portion; befides,  its  fpecific  gravity  is  confidera- 
bly  greater  than  that  of  zeolites.  The  abfence 
of  iron  is  not  a  fufficient  reafon  to  annex  it  to 
zeolites ;  for  even  Bergman  allows  that  zeolites 
may  contain  i  per  ct.  of  iron. 

_  Hyalites  approach  much  nearer,  and  yet  are  a 
£iftinc~t  fpecies. 

T  3  The 
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The  red  zeolite  of  Adelfors  is  generally  rec- 
koned among  the  zeolites  that  flrike  fire  with 
iteel  * ;  yet  Mr.  Bergman  expreflly  tells  us  it  gives 
no  fparks.  Schvved.  Abhandl.  1784,  p.  nc, 
And  Swab.  2  Mem.  Swed,  p.  434. 


2oth   Species. 
Zeolite  f. 

Its  colour  is  white,  yellowiih,  or  reddilh  white, 
brick  rejd,  greenilh,  or  blue. 

It  is  found  both  amorphous  and  cryftallized, 
the  Intter  in  cubes,  or  hexahaedral  paralelopepids, 
or  tables,  or  cuneiform,  or  capillary,  or  in  tri-' 
angular  pyramids  J ;  fometimes  with  24  or  26 
faces,  &c.  §.  the  former  frequently  in  a  mealy 
or  fandy  form. 

Its  luftre,  filky  or  pearly,  2.3.1,  Tranfpa- 
rency,  2.3.4.1. 

Its  texture,  fibrous  or  ftriated,  often  both  in 
the  fame  fpecimen ;  either  itelliform,  or  fcopi- 
form ;  rarely  foliated,  and  only  when  cryftallized 
in  hex- hasdral  prifms.  Fragments,  2. 

Its  hardnefs,  from  6  to  8 ;  rarely  4.  It  abforbs 
from  ~T  to  TTT  °f  ^ts  weight  of  water. 

Its  Ipeciiic  gravity  before  abforption  is  from 
2,0710  2, -14;  and,  after  abforption,  from  2,13 
to  2,3 ;  but  fometimes  it  is  mixed  with  quartz 
or  calcedony,  and  then  may  rife  to  2,4. 

*  BrilT.  p.  142.     a  Berl.  Beob.  2*1. 
t  Born.  Phyf.  Arbeitung  z  Stuck,  p,  72. 
j  Chy.  Ann.  17^0,  p.  432. 
§  Dolom.  OH  3  Bergra.  245. 
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It  is  partially  and  ilowly  foluble  in  the  three 
mineral  acids  without  effervefcence,  and,  if  they 
be  not  in  too  great  quantity,  it  gelatinates  moil 
commonly.  The  acetous  acid,  at  leaft  the  com- 
mon, does  not  afFett  the  gelatination.  The  fili- 
ceous  part,  being  undiffolved,  is  that  which  forms 
a  jelly.  Radical  vinegar  diifolves  the  calcareous 
part.  Sometimes  an  inftantanepus  effervefcence 
may  be  produced,  as  in  the  red 'foliated  zeolite  of 
Adeifors.  2  Mem.  Swed.  p.  436.  But  this 
arifes  from  a  flight  quantity  of  calcareous  fpar, 
with  which  it  is  contaminated.  Van  Troil,  p. 
375.  Mem.  Swed.  454. 

When  heated,  mod  zeolites  froth  and  foam 
nearly  as  alum,  before  fufion  emit  a  blue  phof- 
phoric  light,  and  finally  melt  into  a  white 
femitranfparent  frothy  enamel,  not  hard  enough 
to  cut  glafs,  and  which  is  itfelf  foluble  in  acids  *. 
Mineral  alkali  promotes  their  vitrefcence  moft, 
next  borax,  microcofmic  fait  leaft.  3  Bergm» 
226. 

The  zeolites  analyzed  by  Mr.  Bergman,  Mayer, 
and  Pelletier,  contained  as  follows : 


*  z  Born,  Phyfic;  Arbeit,  p.  73. 
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Silex. 
3ergman       0,4^ 

Ar^ill.      Calx. 
0,2  aj     0,14 

Water.] 

o,i6;Zeolite  of  Iceland. 

fRed  of   Adelfors 

Ditto            o.$r 

0095 

0,065 

0,04 

-{  VanTroil,p.  368. 

, 

j  ^370.  and  374. 

Waver         0,583 

0,172 

0,06 

(  A  firiated.  4  Berl. 
>I7->llBefchaft.  530. 

)itto            0,41 

0,31 

0,1  I 

J  A  do.  2  Berl.  Bef- 

'olletier        cv,r 

0,20 

0,08 

0,22 

Of  Feroe. 

r  Zeolite  of  Hi-llef- 

"Rinnan     0,5; 

0,025 

0,262 

o  17 

J  tadt.    Swed.    Ab- 

1     and.  1784.  66. 

[And      fixed     air; 

|  0,003     iiun      and 

Bergman  0,5 

0,0  5 

0.747 

0,17 

^  c,cc,  niaf.nel.a,  in 

j  the     iaa.e      Itone. 

|_Ibd.  115. 

Hence  we  fee  that  any  proportion  of  filex,  ar- 
gill,  calx,  and  water,  is  iufficient  to  ccnftirute 
a  zeolite,  fo  that  the  (ilex  exceeds,  and  that  the 
compound  is  fufible  to  an  enamel.  For,  the 
ieolite  of  Hzelleftadt  poffrffes  the  properties  of  a 
zeolite,  though  ^he  proponion  of  argill  be  fmaller 
than  that  of  calx,  contrary  to  what  happens  in 
ail  Hie  other  zeolites. 

Hence  Mr.  Bergman's  formula  fhould  here  be 
fca^  and  not  fcani,  as  the  proportion  of  magnefia 
is  abfolutely  infignificanu.  and  iron  is  ever  acci- 
dental in  this  ipecies.  Puie  zeolite  necefTarily 
excludes  it.  1  muft  alfo.  add,  that  the  fpecific 
gravity  of  zeolite  of  HvflleiUdt  exceeds  that  of 
oilier  zeolites,  being  2,417. 

Zeolites  generally  poffefs  two  properties,  viz. 
gelatination  with  the  mineral  acids,  and  intu- 
niefcence  before  fufion;  neither  of  which  is  pecu- 
liar to  tnem,  but  one  or  orher  of  them  feems 
efiential  to  them  j  and  both>  I  believe,  are  pof- 

fefTed 


Zeolite. 

feffed  by  no  other  fubftance,  except  lapis  lazuli, 
\vhich  intumeices  only  in  a  very  high  heat,  and 
gelatinates  only  after  calcination. 

ift,  As  to  gelatination.  Mr.  Swab  obferved, 
that  a  mixture  of  equal  parts,  fine  clay  and  lime, 
forms  a  glals  xvhich  gelatinates  with  acids.  So 
dot-s  a  melted  mals  of  equal  parts,  lime  and 
quarrz.  2  Mem.  Swed.  p.  44.3.  The  clay  in 
the  former  experiment  alio  contains  fiiex.  Air. 
Pelletier  found  the  tiliceous  ore  of  zinc,  alfo  to 
gelatinate,  bat  does  not  intumefce. 

On  the  other  hand,  all  zeolites  do  not  gelati- 
nate, per  Mr  S-.vab,  2  Mem.  Swed.  455.  g 
Bergm.  \>.  z>8  The  zeolites  of  Haellelhdt  alfo 
gelatinate,  bur  noc.  until  previonily  calcined, 
per  Mr.  Swab,  Swed.  Abhandl  1784,  p.  60. 
The  zeolites  of  the  Hartz  do  not  gelatinate;  nei- 
ther do  the  cryltallized  of  Iceland,  or  Feroe,  as 
fome  fay  *. 

Again,  as  to  idumffcence^  feveral  ftones  intu- 
mefce bffore  fufion,  as  prehnite,  thumerftein, 
&c.  LiLilite,  and  feveral  zeolites,  do  not  intu- 
mefce, per  Bergman,  Swed.  Abhandl.  1784,  p. 
j  15.  or  only  very  flightly. 

A*  zeolites  i-nbibe  w  irer,  they  frequently  efflo- 
refce  by  cxpolure  to  the  air;  and  as  they  exiil 
in  a  rounded  form  in  traps,  the  cavities  in  thefe 
frequently  arife  from  the  falling  or  wafhing  out  of 
the  mouUiered  zeolites. 

This  (tone  often  paffes  into  calctdony. 

*  Lafms  Hartz.  p.  335.     2  Lempe  Maga.  p.  59. 

aid  Species. 
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a.  i  ft  Species. 

Staurolite,  or  crofs  {lone  of  St.  Andreafberg,  in 
theHartz*.  Kreutz  Cryftal  of  the  Germans. 
Hyacinth  Blanche' of  2  Rome,  p.  299. 

Of  this  done  there  are  two  varieties.  The  fe- 
cond  is  very  fcarce,  having  occurred  but  once. 

The  colour  of  the  firft  is  milk  white;  of  the 
fecond,  brownifh  grey. 

Their  fhape  is  that  of  two  quadrangular  tables, 
or  flat  quadrangular  prifms,  bevilled  at  the  edges, 
and  interiecting  each  other  at  right  angles.  Some 
difference  may  take  place  as  to  the  form  of  the 
edges,  and  the  angle  of  interfe&ion.  ,!>•.  . 

'Ihecryftals  of  the  2 d  variety  are  mofl  com* 
xnonly  fulcated. 

The  luitre,  both  external  and  internal,  is  va- 
riable. Of  the  firft  generally  2  •,  and  of  the 
waxy  kind,  that  of  the  fecond  pearly ;  and 
fomewhat  ftronger  than  that  of  the  firft. 

Transparency,  1.2.3.  The  fracture  of  both  is 
foliated.  Fragments,  3. 

Hardnefs,  9;  brittle.  Sp.  gr.  of  the  firft, 
2,355;  of  the  fecond,  2,361. 

Gradually  heated,  both  decrepitate  and  lofe 
0,15  or  0,16  of  their  weight,  and  as  fome  fay, 
Slightly  intumefce  -J-,  and  then  fall  in  powder. 
This  powder  is  infufible  at  150°,  but  by  pure  air 
is  converted  into  a  white  enamel. 

Mineral  alkali  fluxes  both  varieties  into  a  frothy 
enamel ;  that  of  the  firft  is  white,  that  of  the 

*  2  Bergbau.  p.  23. 
«f-  2,  LempeMag.  p.  59. 

2  fecond 
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fecond  purplifh,  and  yellowifh.  Borax  and  mi- 
crocofmic  fait  effervefce,  but  fcarcely  unite  to 
them,  yet  reduce  them  to  a  porous  greenilh  opake 
mafs. 

Acids  do  not  fenfibly  effervefce  with  them, 
yet  they  have  fome  action  on  them ;  as  the  con- 
centrated vitriolic  takes  up  a  little  argill,  and  the 
nitrous  and  marine,  alfo  argill  and  barytes;  but, 
after  calcination,  aqua  regia,  flightly  efFervefces 
with  them,  and  takes  up  ibtne  argill  and  ba- 
rytes. 

According  to  Mr.  Weflrumb,  the  firft  variety 
contains  0,44  filex,  0,20  barytes,  0.20  argill, 
0,1 6  of  water.  The  fecond  variety  contains 
0,475  filex>  °?20  barytes,  0,12  argill,  0,16  wa- 
ter, and  0,045  iron  and  manganefe. 

According  to  Mr.  Heyer,  the  firft  variety  con- 
tains 0,44  filex>  °>24  barytes,  0,20  argiil,  and 
o,  1 2  of  water. 

This  flone  is  commonly  confidered  as  a  zeolite ; 
but  we  fee  that  its  cornpofition  is  totally  different. 


22d  Species. 
Lapis    Lazuli. 

Its  colour  is  of  different  fhades  of  Hue,  moftly 
light,  or  deep  azure,  with  white  fpots  of  quartz, 
and  often  with  Bright  yellow  fpecks,  or  veins  of 
fulphur  pyrites. 

Its  fhape  amorphous. 

Its  luftre,  o.     Tranfparency,  p.i. 

Fracture  uneven,  nearly  earthy.  Fragments,  2. 

Hardnefs, 
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Hardnefs,  from  8  to  9.  Sp.  gr.  from  2,7610 
2,945  Briflbn. 

A  fpecimen  of  my  own  collection,  very  pure, 
2,896. 

It  retains  its  colour  in  a  heat  of  100",  which 
diftinguiihes  it  from  cupreous  ftones,  but  in  a 
higher  heat  it  intumefces,  and  melts  into  a  yel- 
]owifh  black  mafs,  and  in  a  ftiil  higher,  to  a  whi- 
tifk  enamel.  2  Margra.  p.  323,  324. 

If  pulverized,  and  treated  with  acids,  it  gives 
fome  figns  of  effervefcence;  if  calcined  it  does  not 
effervefce,  but  gelatinates  with  the  mineral  acids. 
Magr.  Ibid.  p.  319. 

It  has  not  as  yet  been  properly  analyzed.  Mar- 
graaf's  inquiries  were  chiefly  directed  to  the  invef- 
tigation  of  copper.  He  found  none  but  barely 
iron,  filex,  calx,  and  gypfum.  Mr.  Rinman  de- 
tected thefparry  acid,  §  201. 

It  is  found  only  in  the  confines  of  Siberia  and 
Tartary,  or  China;  and,  lately,  as  is  reported, 
in  America. 


23d  Species. 
Chryfoprafium  *. 

Generally  of  an  apple,  or  light  leek  green, 
fometimes  approaching  to  the  grafs  green,  or  to 
the  olive  green,  or  pale  greenilh  grey. 

Always  amorphous. 

Luftre  i,  almoft  o.     Tranfparency  2.3. 

*  Werner's  Cronft.  p.  99. 

Fracture, 


Vefuvian.  285 

Frafture,  even,  or  inclining  to  the  fplintery. 
Fragments,  from  2  to  3. 

Hardnefs,  from  10  to  12.  Sp.  gr.  2,479,  by 
my  trial. 

Heated  to  130°,  it  lofes  its  colour,  whitens, 
and  becomes  opake.  It  is  infufible  at  168°;  by 
pure  air  it  gives  a  white  compact  enamel.  Pow- 
dered and  heated  with  two  parts  vegetable  alkali 
it  gives  a  violet  glafs;  wii^h  mineral  alkali  or  ba- 
rax,  it  gives  a  brown  glafs ;  with  microcofmic 
fait,  a  honey  yellow  *. 

By  the  analyfis  of  Mr.  Klaproth,  in  which  the 
mofl  confummate  fkill  and  accuracy  are  difplayed, 
it  contains  0,96  of  filex,  0,01  calx  of  nickel, 
0,0083  l*me>  °jO°S3  Argill,  and  0,0083  calx  of 
iron. 

It  often  pafTes  into  calcedony. 

24th  Species. 
Vefuvian,  or  white  Garnet  of  Vefuvius. 

Its  colour,  white  or  greyifh  white. 

Always  cryftallized,  either  with  12,  18,  24,  36, 
or  ^ even  56  faces,  fometimes  pentagonal,  trape- 
zoidal, or  triangular,  £c.  from  the  fize  of  a  pin's 
head,  to  that  of  an  inch;  and  mod  frequently 
decompofed.  Found  principally  in  the  lava  of 
Vefuvius,  or  other  ancient  lavas,  particularly  in 
Italy,  and  in  the  primordial  {tones  of  Vefuvius. 

Gioeni.  37.  But  lately  alfo  in  fome  granites  of 
the  Pyrenees,  and  among  the  gold  ores  of  Peru. 
40  Koz.  Journ.  p.  393. 

*  2  Bed.  Beob,  2  Stuck,  .p.  39,.  and  40. 

1  Lufire, 
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Luftre,  3;  but,  as  they  are  commonly  in  a 
ftate  of  dccompofidon,  o. 

Tranfparency,  when  frefh,  3.2;  but  generally 
from  decomposition,  o. 

Fracture  foliated,  inclining  to  conchoidal. 

Hardnefs  when  intire,  from  8  to  9;  when 
mouldering,  5  or  6.  Sp.  gr.  2,4648. 

Fufible/><?r/£  by  the  blowpipe,  but  difficultly. 
Mineral  alkali  fcarcely  flaxes  them,  borax  and 
microcofmic  fait,  very  flowjy. 

Mr.  Bergman  found  them  to  contain  0,55  filex, 
o,39argill,  and  0,06  lime,  but  no  iron,  or  fcarce 
any.  3  Bergm.  p.  206. 

The  decomposed  Hate  of  this  flone  does  rot 
proceed  merely  from  the  action  of  the  air,  nor 
expofure  tofulphureous  vapours,  but  principally 
from  the  heat  to  which  it  was  expofed ;  for  it  is 
found  opake,  and  mouldering  even  in  the  midft 
of  folid  mailes  of  lava,  as  Mr.  Werner  has  ob- 
ferved.  4  Helvet.  Magaz.  p.  241. 


2jth  Species. 

Shorlire  *.  Shorlartiger  Beryll  of  Werner's  Mine- 
,    ral  Syftem.     Stangenilein  of  Leike. 

Its  colour,  greenifh  white,  fometimes  inclining 
to  yellowilh,  or  fulphur  yellow. 

Moftly  found  in  irregular  oblong  maffes  or  co- 
lumns, inferted  in  a  mixture  of  quartz  and 
mica,  or  granite.  Mr.  La  Peyroufe  tells  us,  he 

*  Werner's  Cronft.  p.  169.  Weiflen  ftangen  fliorl.  r 
Chy.  Ann.  178$,  p.  3^0. 

found 
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found  fome  in  fmall  lamellar  mafles  on  the  Py- 
renees *. 

Luftre,  2.     Tranfparency,  2.1. 

Itsfrafture,  uneven,  and,  feemingly,  fomewhat 
foliated. 

Hardnefs,  from  9  to  10.  Sp.  gr.  3,530,  pet 
Klaproth.  i  Chy.  Ann.  1788,  p.  390. 

Infufible  at  168°,  and  no  way  altered  by 
heat. 

Mr.  Ferber  mentions  a  white  fhorl  found  in  the 
Bannat,  which  phofphorefces  when  fcraped  in 
the  dark.  Nov.  Acta  Petrop.  1785,  p.  264. 

By  the  analyfis  of  Mr.  Klaproth  it  contains  0,50 
filex,  and  0,50  argill;  by  that  of  Mr.  Bergman, 
0,52  argill,  0,46  filex,  and  0,02  water. 

This  fubftance  was  called  Jhorlite  by  Mr.  Kla- 
proth, than  whom  we  cannot  have  a  better  guide. 
It  cannot  be  the  fubftance  called  white  Jhorl  by 
the  French ;  as  Abbe  Hauy  thinks  this  rather  of 
the  feltfpar  fpecies;  and  Mr.  D'Arcet  found  it  fu- 
fible  in  a  porcelain  heat,  and  fo  did  Mr.  Chaptal; 
and  accordingly  it  contains  0,55  filex,  0,25  ar- 
gill, 0,13  magnefia,  and  0,07  lime.  By  his  ana- 
lyfis,  2  Chaptal,  p.  124.  But  that  called  white 
fhorl  by  Mr.  LaPeyroufe  is  moft  probably  our 
Ihorlite ;  for,  he  found  it  infufible  in  the  ilrongeft 
heat. 

The  white  Jhorl  of  the  French,  at  leaft  of  Mr. 
Chaptal  and  Abbe  Hauy,  is  moft  probably  that 
fent  to  Saxony  by  Mr.  Shreiber  from  Dauphine, 

*  26  Roz.  434. 
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of  which  Mr.  Hoffman  gives  the  following  de- 
fcription  *: 

Its  colour  is  greyifh  white,  but  being  covered 
with  iron  ochre,  it  Teems  of  a  fmutty  yellow. 
Cryftallized  in  quadrangular  thin  tables,  whofe 
edges  are  fomewhat  convex,  and  heaped  on  each 
other. 

Its  external  luftre,  2.  Internal,  i.  Tranfpa- 
rency,  3. 

Its  fracture  compact,  approaching  to  the  even. 
Its  fragments,  3. 

Its  hardnefs,  10.  Its  fpecific  gravity  he  could 
not  determine. 

Shorlite  pafles  into  feltfpar. 

26th  Species. 
Rubellite,  Red  Shorl  of  Siberia  -f-. 

Its  colour,  crimfon,  blood,  or  peach  red. 

It  occurs  in  accumulated  groups,  of  a  middle 
or  large  fize,  with  ftreight  tubular-like  ftria.  Its 
furface  rough. 

Its  external  luftre,  2.  Internal,  2,5.  Tranf- 
parency  2,  at  the  edges  3 ;  tranfmitting  u  yellow- 
ifh  colour. 

Its  longitudinal  fracture  delicately  fibrous, 
with  (lender  diftinct  concretions. 

Its  crofs  fracture  even,  inclining  to  the  con- 
choid al. 

Fragments,  3.  Hardnefs,  10.  Brittle.  Sp. 
gr.  3,100. 

*  i  Bergm.  Journ.  1788,  p.  57. 
f  aChy.Ann.i793,  p.  310. 

Heated 
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Heated  to  rednefs,  it  becomes  fnow-vvhite,  and 
feems  to  phofphorefce,  but  lofes  no  part  of  its 
weight.  In  a  higher  heat  it  is  infufible.  Mineral 
alkali  is  tinged  blue  by  it,  but  fcarcely  fluxes  it  ; 
neither  does  borax,  nor  microcoftnic  fait,  effect  its 
fufion. 

By  the  analyiis  of  Mr.  Bindheim  it  contains  57 
per  ct.  of  filex,  35  argill,  5  calx  of  iron  and  man- 
ganefe. 


27th  Species. 

Of  this  I  diftinguifh  four  families;  opal,  .femi 
opal,  pitchftone,  or  pechftein,  and  ligniform. 


i  ft  Family. 
OpalEdler,  Gelber  Opal  of  Werner. 

Its  colour  is  generally  of  a  light  bluifh  white, 
fometimes  yellow  or  green.  The  white  often 
emit  a  yello  vilh,  greenifti,  or  reddim  effulgence, 
refemblinga  flame,  when  placed  between  the  eye 
and  the  light;  as  do  the  yellow,  a  fiery;  and  the 
green,  a  purple,  red,  or  yellow.  Thofe  that 
poffeis  this  varying  fplendor  are  called  oriental 
opals,  though  they  are  not  found  in  the  ea(t ;  and 
thofe  that  prefent  but  one  colour  are  called  com- 
mon, or  vulgar  opals  *. 

Amorphous,    interfperfed,    or   in  fharp  frag- 
ments. 
.Itsluflre,  g.     daffy.     Tranfparency,  3.2. 

*  a  Bergm.  Journ.  1788,  p.  487. 

U  Its 
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Its  fracture  perfectly  conchoidal.  Frag- 
ments, 3. 

Its  hardnefs,  from  6  to  8.  It  is  faid  to  have 
fometimcB  occurred  in  a  foft  ftate,  and  to  have 
hardened  by  expofure  to  the  air.  Its  fp.  gr.  from 
i, 700 to  2,144. 

It  frequently  contains  a  drop  of  water.  A  fpe- 
cimen  of  this  fort  occurs  in  Leike's  Collection 
0.841. 

It  isinfufible;tery£  at  150°;  it  yields  moft  rea- 
dily to  mineral  alkali,  next  to  borax,  but  fcarce 
at  all  to  microcofmic  fait. 

.  By  Mr^  Bergman's  analyfis  it  contains  0,85 
filex,  0,13  argill,  contaminated  with  iron.  By 
that  of  Klaproth,  the  white  opal  of  Koiemitz 
contains  98,75  filex,  0,0 1  argill,  and  0,0 1  of 
iron.  The  green  derives  its  colour  from  calx  of 
nickel  *. 

It  is  often  decompofed  by  expofure  to  the  at- 
mofphere. 

1  found  the  opal  844.  Lefke  O.  Infufible  at 
151° ;  and  fo  are  all  opals  found  to  be. 

zd  Family. 
Semi  Opal  f . 

Its  colours  are,  bluifh,  pearl,  reddim,  greeniih, 
or  yellowilh  grey  ;  greyilh,  reddim,  or  yellowiih 
white,  or  honey,  or  wax  yellow ;  or  flefh,  or  hya- 
cinth red  ;  or  reddifh  brown,  or  yellowiih,  or 
liver  brown  ;  or  grafs,  leek,  or  verdegris  green, 
or  many  of  thefe  in  the  fame  mafs. 

*  aBerl.  Beob.  p.  45. 

f  Werner's  Cronlh  p.  123. 

6  Amorphous 
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Amorphous  or  in  (harp  fragments. 

Its  luflre,  2.     Glaffy.     Tranfparency,  2.1.3. 
Its  fradture  conchoidal,  fometimes  imperfectly. 
Fragments,  5.2. 

Hardnefs  from   7  to  9.     Brittle.     Sp.  gr.  1,7 

t02,Il8. 

Some  adhere  to  the  tongue  by  reafon  of  the 
rifts  they  contain ;  thefe  admit  water,  and  are 
often  hydrophanous,  as  we  (hall  prefently  fee. 

It  is  infufible  as  the  former  family. 

It  differs  from  opals  always  in  luftre,  and  often 
in  tranfparency,  fracture  and  hardueis. 

Its  tranfitions  are  into  hornftone,  calcedony, 
chryfoprafium,  jafper,  and  quartz;  and,  when 
decompofing,  into  porcelain  clay. 

The  femi  opal  of  Lefke  S.  658.  much  refem- 
bles  flint,  but  does  not  give  fire  with  fteel. 

There  is  a  variety  of  the  femi-opal  called  a 
Pyropbanes\  becaufe,  being  heated  on  a  fpoon, 
it  becomes  tranfparent,  but  returns  to  its  opake 
ftate  when  cold,  as  Mr.  Landriani  has  difco- 
vered*.  Mr.  Sauflure,  jun.  renders  common 
hydrophanes  tranfparent,  and  of  a  topaz  co- 
lour, when  heated  by  digefling  them  in  melted 
wax. 

It  is  faid  that  fome  pyrophanes  are  found  in 
Armenia,  which  are  tranfparent  while  expofed  to 
the  fun,  and  opake  at  night  f . 


*  i  Chy.  Ann.  1791,  p.  483, 
f  i  Chy.  Ann.  1792,  p.  35. 
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3d  Family. 
Pitch  ftone  *. 


Its  colours,  grey ifh  black;  bluifhgrey;  moun- 
tain leek  or  olive  green;  greenifti  brown  ;  brick 
or  blood  red,  or  yellowiih  colour;  fometimes 
many  in  the  fame  mafs.  Found  in  large  maffes ; 
and,  lately,  alfo  cryflallized  in  fix-fided  prifms, 
with  triangular  pyramids.  Luftre  of  the  greafy 
kind,  3.2.1.  Iranfparency,  2.1.,  rarely  o. 

Fracture,  imperfectly  conchoidal,  and  uneven, 
often  approaching  to  the  fplintery,  the  longitu- 
dinal fracture  fometimes  flaty.  Fragments,  2.3. 

Hardnefs,  from  8  to  10;  and  exceeding  brit- 
tle. Sp.  gr.  from  2,049  to  2'39-  ^  ^s  tru^y 
Mr.  Briffon  found  that  of  a  brick  red  from  Sax- 
ony, 2,6695,  but  it  was  probably  impure.  I 
found  another  of  them,  Lefce  251  G.  to  be 
2,720. 

Jt  frequently  prefents  either  large  or  fmall 
grained  diflincl:  concretions. 

It  often  much  refembles  femi  opals  and  jafpers, 
but  differs  from  the  former  always  in  the  kind  of 
luftre,  and  often  in  fracture ;  from  the  latter  al- 
ways in  brittlenefs,  and  moftly  in  tranfparency. 
The  brick  red  of  Saxony,  whofe  fpecific  gravity 
was  2,72,0,  had  fcarce  any  luftre  or  tranfparency, 
and  rather  feems  a  jafper,  or  between  a  hornitone 
and  jafper,  and  pirchftone,  for  it  had  fevcral 
feparate  concretions  divided  by  white  feams. 

*  Werner's,  OoafU  p.  124.. 

As   . 
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As  to  fufibility,  there  feems  a  great  differenee 
in  different  fpecimens. 

i  ft,  The  pitchftone,  LefkeO.  870.  Of  a  leek, 
partly  inclining  to  an  olive  green,  whofe  fpecific 
gravity  is  2,298,  melted  at  165°  into  a  white  fro- 
thy enamel. 

sd,  Another  of  the  fame  collection,  O.  873, 
which  had  fcarce  any  luftre,  and  no  tranfparency, 
or,  fcarcely,  i,  and  whofe  fpecific  gravity  was 
2,267;  its  colour  between  a  mountain  and  an 
olive  green,  and  exhibiting  curved  lamellar  con- 
cretions, melted  at  130°  into  a  fine  fmall-pored 
white  enamel.  This  feems  allied  to  felfpar. 

3d,  Anotherof  Lefke  G.  251,  brick  red  from 
Mifnia,  in  Saxony,  which  had  but  little  luftre, 
and  fcarce  any  tranfparency,  whofe  fpecific  grav. 
was  2,720.  Its  fracture  uneven  and  fplintery, 
did  not  melt  at  160°,  but  remained  a  loofe  brown- 
i(h  red  powder.  Is  it  not  rather  an  iron  fhot 
quartz  ? 

4th,  Another  of  Lefke  S.  295,  pearl  gre5r, 
much  refembling  porcelain  jafper,  its  luftre  be- 
ing filky,  whofe  fpecific  gravity  was  1,970,  de- 
crepitated flrongly  when  heated,  then  whitened, 
but  at  149?  it  remained  a  loofe  powder. 

5th,  Another  of  Lefke  S.  949,  yellowifli 
brown,  and  femi-tranfparent.  Its  fpecific  gra- 
vity, 2,266,  at  151°  melted  into  a  white  fmall- 
pored  porcelain  mals. 

The  different  degrees  of  fufibiliry  arife  from 
the  different  proportion  of  its  ingredients,  or  its 
mixture  \\  t  \  extraneous  fubftances. 

Mr.  Wiegleb  found  in  that  of  Saxony,  of  a 

dull  brown  colour   (probably  873  O.  of  Leike), 

0,73  filex,  o,i8argill,  0,058  iron,  the  remainder 

of  water  and  air.      n  Neu.  Entd.  p.   18.     Mr. 

U  3  Mayer, 
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Mayer,  of  Stetin,  found  the  fame  ingredients, 
and  nearly  in  the  fame  proportion,  in  the  greyifli 
black,  betides  water,  and  fome  traces  of  lal-am- 
moniac.  2.  Crell.  Ann.  1784,  p.  125. 

Mr.  Gmelin,  in  a  kind  of  pitchftone  ftuck  in 
bafalt,  found  0,90  filex,  0,07  argill,  and  0,026 
of  iron,  i  Chy.  Ann  1791,  p.  301. 

Mr.  Klaproth,  in  that  of  Mefnilmontant, 
which  was  of  a  reddifh  yellow  colour,  and  whofe 
fpecific  gravity  was  2, 1685,  found  0,855  of  (ilex, 
01  argill,  and  0,005  of  iron,  of  calx  and  magne- 
fia  0,005,  water>  inflammable  matter,  and  air 
o,n. 

The  greyifh  black  of  Hungary  were  found  in- 
fufible  bv  Mr.  Ruprecht:  they  decrepitated  and 
whitened  like  rhat  of  Lefke,  295  S.  above  men- 
tioned, and  afTorded  him  0,91  fiiex,  0,08  argill, 
and  iome  traces  only  of  iron  and  inflammable 
matter  alfo,  for  they  flightly  deflagrated  with 
nitre,  and  render  the  vitriolic  acid  foiuewhat 
brown  *. 

Another  pitchftone,  found  near  Frankford  on 
the  IVinine,  whofe  colour  was  nut  brown,  and 
which  was  in  fome  degree  magnetic,  and  infufible 
in  a  porcelain  heat,  Mr.  Wiegleb  found  0,8958 
filex,  0,05  iron,  0,0333  calx,  and  0,0041  argill. 
i  Chy.  Ann.  1788,  398. 

From  ail  thefe  anal}  fes  it  is  plain,  that  opals 
and  piuhftonjrs  con  fill  eflential-y  of  filex,  with 
about  from  JL  ro  -r1^  of  argiii,  and  fome  water 
and  infiammab'c  matter.  If  to  thefe,  when  the 
argill  is  about  ^.x  of  the  whole,  5  or,- 6  per  ct.  of 
iron,  be  added,  they  become  fuiibie,  otherwife 

*  Pbyf.  Arbeits  2  Stuck,  p.  55. 

not. 
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not.  The  opals  fcarcely  contain  any  iron,  antl 
therefore  are  infufible  at  1 68°. 

It  is  remarkable  that  thefe  ftones  difficultly  give 
fire  with  fteel,  and  yet  are  more  difficultly 
fcratched  than  many  that  do. 

They  are  often  found  in  a  ftatc  of  decompofi- 
tion. 

Their  tranfitions  are  into  hornftone,  jafpcr,  and 
I  believe  fometimes  into  felfpar. 


4th  Family. 
Ligniform  Opal  or  Pitchftone. 

Its  colours  are,  milk  white,  reddifti  or  yellow- 
ifh white,  or  yellowifh  grey,  nut  or  yellowifh 
brown,  or  ochre  yellow,  or  hyacinth  red,  or 
greyifh  black  ;  thefe  colours  are  icarce  ever  fin- 
gle,  but  generally  in  different  ftripes  in  the  fame 
mafs. 

It  occurs  in  large  mafTes. 

Luftre,  2.3,  waxy.  Tranfparency,  i.o;  fel- 
dom,  2.  » 

Longitudinal  fracture,  fibrous;  crofs  fracture, 
conchoidal;  fragments,  oblong. 

It  will  not  give  fire  with  ileel,  and  yet  can 
fearcely  be  fcratched.  Brittle. 

Its  fp.  gr.  from  2,08  to  2,1. 

Of  Hydrophanes. 

Such  opake  ftones,  as  become  tranfparent  by 

placing  them  in   water,  are  called   Hydropbanes. 

Thefe  are  for  the  moft  part  femi  opals  or  pitch- 

flones,  and  particularly  thofe  that  are  fomewhat 

U  4  withered 
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withered  by  expofure  to  the  atmofphere;  they  ge- 
neraliy  adhere  to  the  tongue. 

Mr  Klaproth,  having  dtftilled  fome  of  thofe  of 
Saxony,  obtained  from  them  5  per  ct.  of  water, 
inflammable  matter  and  air,  93  per  ct.  of  fiiex,  i 
of  argill,  and  no  iron  *. 

Mr.  Wiegleb's  analyfis  gives  pretty  nearly  the 
fame  contents  -f- ;  but  Mr.  Mayer  found  fome  that 
contained  a  much  larger  proportion  of  argiil,  and 
fome  iron  J,  as  did  Mr.  Gerhard  ||.  It  feems 
alfo  certain  that  fome  of  thefe  ftones  attradt  moif- 
ture  when  expofed  to  a  moift  atmofphere,  for, 
they  increafe  in  weight  §,  and  fome  even  burft. 
Other  ftones  are  often  hydrophanous,  as  fteatites 
and  calcedony.  2.  Bergm.  p.  70. 


28th  Species. 

Hyalite,  Mullet's  Glafs  of  the  Germans.     Lava 
Giafs  of  Many. 

Its  colour,  pure  white. 

Its  Juftre,  2.3.  daffy.  Tranfparency,  2.3, 
rarely  c.  Voight  Fulda.  171. 

It  occurs  moft  frequently  in  bafalt,  or  trapps  ; 
either  in  grains,  or  in  maffes  inclining  to  a  rhom- 
boidal  form,  or  in  filaments. 

Its  fiadture  even,  inclining  to  the  conchoidal ; 
but,  on  the  whole,  often  lamellar. 

*  i  Chym.  Ann.  1790,  p.  52. 

f  i  Chym.  Ann.  i;t>9,  p.  402, 

j  Nnturforfch  19  Stuck,  p.  220. 

||  2  Gcfch.  p.  400. 

§  2  Chym.  Ann,  1704,  183. 

tyt  '  Hardnefs, 
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Hardnefs,  9.     Sp.gr.  by  my  trial,  2,110. 

It  is  infufible  at  150°,  but  yields  to  mineral 
alkali. 

By  the  analyfis  of  Mr.  Link  it  contains  57  per 
ct.  filex,  18  argill,  15  calx,  and  very  little  iron; 
he  does  not  tell  us  what  were  the  other  ten 
parts. 

In  compofition  then  it  nearly  agrees  with  thofe 
flones  which  Mr.  Bergman  and  others  have  called 
zeolites,  and  I  have  called  oedelites;  and  yet  no 
one  has  hitherto  confidered  Muller's  glafs  as  zeo- 
lite; but  many  have  taken  it  for  calcedony, 
though  it  wants  the  bluifh  colour  of  this  fort  of 
flone ;  many  alfo  for  an  opal,  but  its  luftre  is  very 
different,  and  many,  particularly  when  it  is 
rhomboidal  and  foliated,  for  felfpar,  from  which, 
when  buried  in  other  flones,  it  is  difficult  to  dif- 
tinguilh  it.  Mr.  Werner,  as  I  hear,  now  confi- 
ders  it  as  a  middle  thing  between  opal  and 
calcedony,  and  calls  it  Hyalite. 

It  has  lately  been  found  in  Serpentine,  near 
Swentick,  in  Silefia ;  Ferber  Briefe.  40.  i  Nofe. 
251  ;  and  therefore  cannot  be  a  volcanic  produc- 
tion, as  many,  notwithflanding  its  infufibility, 
havefuppofed  it. 


29th  Species. 
Calcedony. 

Of  this  fpecies  I  diftinguifh  two  families ;  com- 
mon calcedony,  or  calcedony  limply  fo  called, 
and  carnclian, 

ift  Family. 
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i  ft  Family. 

Calcedony,  or  Common  Calcedony  *. 

Its  colours  are  various,  but  moft  generally 
greyifh ;  as  yellowifti,  greenifh,  bluifli,  and  pearl 
grey  ;  or  bluilh  white.  This  laft  often  pafles  into 
blue,  or  violet  blue,  as  the  firft  does  into  honey 
yellow,  or  blackifh  brown.  It  is  alfo  found  milk 
white,  and  then  called  cacholong,  very  rarely  grafs 
green,  or  mountain  green,  or  flefh  red,  or  dotted 
with  red ;  often  with  many  colours  in  the  fame 
piece,  either  in  ilripes,  or  fpots,  and  with  arbo- 
rizations; when  the  white  and  black  or  brown 
ftripes  alternate,  it  is  called  onyx,  or  camebuya ; 
if  the  white  and  grey  alternate,  calcedonyx.  The 
grey  when  they  prefent  arborizations  are  called 
inochos.  The  blackifti  or  dark  brown,  being  held 
againft  a  ftrong  light,  appear  dark  red. 

It  occurs,  in  amorphous  pieces,  often  flat, 
oftener  blunt,  and  fomewhat  rounded,  or  ftalafti- 
tic,  or  in  nodules,  or  cellular,  and  lately  alfo 
rryftallized  in  hexahasdral  or  quadrangular  pyra- 
mids with  convex  planes,  or  in  hexangular  prifms 
with  a  pyramidal  apex,  or  even,  as  is  pretended, 
cubic  or  rhomboidal  -j~.  But  fome  affert  that  thele 
afe  only  inveflments  of  other  cryftallized  ftones 
that  have  fince decayed;  or  filiform,  tubular,  or 
fpiky. 

The  furface  of  this  ftone  is  generally  rough  and 
uneven,  often  tuberofe  and  botryoidal  or  inverted 

*  Werner's  Cronft.  p.  130. 

-j-  i  Chy.  Ann.  1785,  p.  480.  Nov.  A£h  Petrop.  1785, 
p.  266. 

with 
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with     drufy   quartz,     yet   fometimes   even  and 
fmooth. 

Its  external  luftre  fortuitous.  Its  internal,  I. 
Tranfparency  2.3,  rarely  i. 

Its  fra&ure  even,  often  inclining  to  the  con- 
choidal,  more  rarely  to  the  fplintery.  Sometimes 
the  intermediate  between  the  even,  fplintery,  and 
uneven.  Fragments,  3.  Commonly  without  any 
feparate  concretions,  fometimes  with  thin,  or 
thick,  curved,  and  moftly  concentric  lamellar 
diftincl:  concretions. 

Its  hardnefs  from  loto  1 1.  Sp.  gr.  from  2,60 
to  2^665.  Mr.  Bergman  was  induced  by  Muf- 
chenbroek  to  fuppoie  it  might  extend  to  4,36, 
which  is  impoffible;  but  it  is  frequently  found 
much  lower  than  2,6 ;  namely,  when  the  calce- 
donies  are  hydrophanous.  Hence  Mr.  Briffon 
found  one  of  thefe  1,0942,  and  others  2,29.  This 
is  the  {tone  called  oculus  mundi.  This  difference 
arifes  only  from  the  fmall  pores  into  which  water 
cannot  penetrate. 

The  blue  he  found  to  amount  to  2,5867. 

It  is  infufible  per  fe}  even  by  a  burning  glafs, 
but  by  pure  air  it  is,  though  with  difficulty,  con- 
verted into  a  white  femi  tranfparent  enamel. 

Mineral  alkali  melts  it  with  effervefcence,  bo- 
rax without  any,  and  microcofmic  fait  fcarcely 
affeas  it. 

By  Mr.  Bergman's  analyfis,  the  calcedony  of 
Feroe  contains  8  +  per  ct.  of  filex,  and  16  of  ar- 
gill,  flightly  contaminated  with  iron.  .2  Bcrgm. 
p.  60.  By  that  of  Mr.  Bindheim,  83,3  filex,  n 
calx,  1,6  Argill,  and  a  minute  portion  of  iron. 
3  Naturforfch.Freunde.  p.  429 

It  fometimes  decempofes  by  exoofure  to  the 
air;  I  have  often  ieen  its  furface  fretted  and  po- 
rous, with  an  earthy  and  ochry  powder. 

Its 
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Its  tranfitions  are  into  opal,  flint,  quartz;  jaf- 
per,  cryfoprafium,  and  felfpar. 

ad  Family. 
Carnelian. 

Its  colours  are  of  various  fhades  of  red,  from 
trie  deep  blood  red,  to  the  lighter,  almoft  white, 
or  reddilh  brown,  or  honey  or  wax  yellow,  or  yel- 
iowifh  brown,  and  often  thefe  colours  or  fhades 
occur  in  the  fame  mafs,  either  in  gradation,  or 
ftripes,  or  fpots. 

Amorphous,  or  in  blunt  or  fomewhat  rounded 
mafles,  with  rough  or  uneven  furfaces,  or  ftalac- 
titic. 

Its  luftre  fcarcely  i.  Tranfparency  3.2.1,  of- 
ten cloudy. 

Its  fradture,  conchoidal.     Fragments,  3. 

Hardnefs,   10.     Sp.  gr.from  2,59710  2,63. 

It  is  infufible,  but  lofes  its  colour  at  160°,  nor 
even  by  pure  air  is  it  melted  as  perfectly  as  calce- 
dony  is,  nor  in  a  chalk  crucible  in  thofe  parts 
that  touch  the  chalk  as  calcedony  is.  2  Gerh. 
Gefch.  10.  But  by  the  ufual  fluxes  it  is  affected 
nearly  as  common  calcedony. 

Some  confider  it  as  a  compound  of  jafper  and 
cakedonian. 

Some  are  found  partly  withered  by  expofure  to 
the  air,  particularly  the  ftalaftitic, 

Jt  fometimes  graduates  into  quartz. 


3oth  Species. 


Cat's  Eye. 

30th  Species. 
Cat's  Eye. 

Its  colour  is  generally  of  a  greenifli  or  yelfowifti 
grey,  or  light,  or  dark  yellowilh  brown,  or  red- 
dilh  brown,  or  flriped  with  thefe  colours;  and,  in 
certain  petitions,  particularly  when  polimed, 
emitting  a  filvery  or  yellowim  movable  efful- 
gence. 

It  is  found  in  blunt  or  rounded  fragments,  and 
conies  from  Ceylon. 

Its  luftre,  2.     Tranfparency,  3.2. 

Its  fracture  imperfectly  conchoidal,  fometimes 
approaching  to  the  fplintery. 

Fragments,  3.  Hardnefs,  10.  Sp.  gr.  from 
2,56  to  2,66. 

3 1  ft  Species. 
Flint.    Feuer  Stein  of  the  Germans. 

Commonly  of  a  yellowifh,  or  bluim  grey  co- 
lour ;  the  latter,  however,  often  paries  into  the 
greyifti  black,  and  the  former  into  the  ochre  yel- 
low, or  brown.  Several  of  thefe  often  meet  in 
the  fame  fpecimen,  either  in  veins,  ftripes,  clouds, 
or  dots. 

Amorphous,  interfperfed  in  other  flones,  or  in 
nodules,  or  rounded  lumps,  often  perforated, 
very  rarely  cryftallized,  in  double  triangular  py- 
ramids; often  alfo  forming  the  fubflance  of  pe- 
trefactions,  particularly  of  echinites.  Its  furface 

generally 
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generally  uneven  and  wrinkled,  either  fmooth  or 
rough,  often  covered  with  a  rind,  either  calcare- 
ous or  argillaceous.  Its  external  luftre,  o  or  i. 
Internal,  i.  Tranfparency,  a.i,  fometimes  nearly 
3.  Fracture  conchoidal,  ieldom  imperfectly. 
Fragments,  3. 

Hardnefs,  from  10  to  u.  Sp.  gr.  from  2,58 
to  2,63. 

Heated,  it  decrepirates,whitens,  becomes  brittle, 
and  opake,  is  infufible  ar  168°,  and  is  barely 
foftentd  by  pure  air ;  the  ufual  fluxes  afied  it  as 
they  do  quartz. 

The  impreffions  of  marine  fliells,  and  even 
of  leaves,  are  frequently  found  in  flints,  which 
leaves  no  doubt  of  their  having  been  produced  in 
the  moid  way,  and  even  that  Ibme  are  of  modern 
formation  *. 

According  to  Mr.  Wiegleb's  analyfis,  they 
contain  about  0,80  files,  0,18  argill,  and  0,02 
calx  f . 

Its  tranfitions  are  into  quartz,  calcedony,  car- 
nelian,  and  hornftone. 

It  is  frequently  intimately  mixed,  not  only  with 
quartz  or  calcedony,  but  even  with  calcareous 
earth,  or  calcareous  fpar,  as  may  be  feen  i» 
Lefke's  Catalogue,  S.  p.  116. 


*  Char  pent.  Min.  Geoejraph.  p.  40.  66.  Lefke  Reife 
durch  Sacks.  Ferb.  Ory&ogr.  von  Derbylh.  p.  16.  i 
Naturfor.  Sec. 

t  6  N.  Ada.  Natur.  Curiofa,  p.  408. 
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32d  Species. 

Hornflone.   Hornftein  of  the  Germans,  Petrofilex, 
Chert. 

Its  colour  commonly  dark  blue,  yellowim,  or 
pearl  grey,  fometimes  yellowilh  white,  flefli,  or 
brownifh  red,  or  mountain  blue,  or  blackilh 
brown,  or  greenifh  brown,  or  dark  green,  or 
olive  green,  often  variegated. 

Amorphous  for  the  mod  part,  but  lately  found 
cryftallized  by  Mr.  Beyer  on  Schneeberg,  either 
in  hexahaedral  prifms,  fome  with,  fome  without, 
a  pyramid,  or  barely  rounded  at  both  ends,  or  in 
double  triangular  pyramids,  or  cubes  or  hexahce- 
dral  plates,  the  furface  of  thefe  cryftals  moftiy 
rough  and  uneven,  fome  hollow,  fome  folid, 
fometimes  as  thin  as  paper  *. 

Its  luftre,  o.  Transparency,  1.2.  The  cryf- 
tallized,  fometimes  o. 

Its  fradure  generally  fplintery,  more  rarely 
conchoidal,  fometimes  from  the  fine  fplintery, 
paffing  into  the  even,  but  of  a  coarfer  grain  than 
flint.  Fragments,  2.3. 

Hardnefs,  from  7  to  9.  Sp.  gr.  from  2,552  to 
2,653. 

Though  Mr.  Bergman  counts  this  {lone  among 
thofe  that  are  fufible  per  fet  even  by  a  blowpipe, 
yet,  in  the  many  trials  I  have  made  in  a  much 
fuperior  heat,  I  found  but  one  which  gave  any 
Cgn  of  fufion  ;  but  mofl  frequently  decrepitate 
and  whiten. 

*  2  Crcl!.  Beytr.  p.  191.     3  Kelvet.  Miga.  p.  251. 

1ft, 
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ift,  The  blackifh  grey,  Lefke  K.  48,  with 
feme  mixture  of  arfenical  pyrites,  whofe  fradture 
is  fplintery;  its  fp.  gr.  2,744,  probably  from  the 
pyrites,  and  opake,  barely  concieted  at  140%  but 
fhewed  no  other  fign  of  fufion  at  163°. 

2d,  The  grey  hornftone,  Lefke  K.  383,  whofe 
fracture  is  fine  fplintery  ;  its  fp.  gr.  2,654, 
whitened,  and  barely  coalefced  at  143°. 

3d,  The  yellowim  white  hornftone,  Lefke  O. 
441,  whofe  fradture  is  fine  fplintery,  and  its 
fp  gr.  2,563,  whitened,  but  gave  no  fign  of  fu- 
fion  at  155°. 

4th,  A  bluifh,  and  partly  a  yellowilh  grey 
hornftone,  mixed  with  jafper,  Lelke  O.  442 ; 
its  fracture,  partly  fplintery,  and  parrly  inclining 
to  the  flat  conchoidal,  whofe  fp.  gr.  is  2,626, 
whitened,'  but  did  not  yield  in  the  leaft  at  151°. 

5th,  A  dark  purplifh  red  iron  foot  hornlTone, 
Leike  G.  61  ;  fradture,  fine  fplintery,  and  une- 
ven; fp.  gr.  2,638,  barely  agglutinated  into  a 
dark  grey  mafs  at  147,  5. 

6th,  But  a  greeniih  white  hornftone,  with  red- 
clifli  fpots,  from  Lorraine  (given  to  me  by  Mr. 
Woulfe),  whofe  fp.  gr.  is  2,532;  fradture,  con- 
choidal, femitranfparent  at  the  edges;  luftre,  o; 
fragments,  remarkably  ftiarp  ;  hardnefs,  10; 
whitened,  and  became  brittle  at  127°;  and  at 
at  144°,  melted  into  a  femitranfparent  compact 
enamel.  Mr.  Sauffure  found  the  hornftones  of 
Switzerland  in  general  infufible ;  and  only  thofe 
lying  in  calcareous  ftrata,  to  be  fufible  in  a  high 
degree  of  heat. 

7th,  1  found  alfo  another  hornftone  fufible,  but 
it  is  iron  (hot,  Leike  8.831;  outfide  it  has  a 
brownifh  red  rind,  but  infide,  its  colour  bluifh 
grey ;  its  fradture,  uneven  and  fplintery  j  its  fp. 
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gr.  2,813.  At  146°,  it  melted  into  a  black  com- 
paft  glafs. 

The  hornftone  I  formerly  analyzed  is  that  men- 
tioned at  No.  6.  It  contained  72  per  ct.  filex, 
about  22  argil  1,  and  about  6  of  mild  calcareous 
earth,  or  rather  more;  and,  I  believe,  rather  lefs 
argill,  if  this  were  fufficiently  dried.  The  in- 
fuGble  hornftones  probably  contain  no  calx,  or 
lefs. 

Hornftones  are  frequently  found  in  a  ftate  of 
decom  petition. 

Its  tranfitions  are  into  flint,  calcedony,  cryfo- 
prafium,  jafper,  quartz,  opal,  iiliceous  fhiftus, 
argillite,  fandftone,  and  even  into  granular  lime- 
done,  and  indurated  clay. 

Hornftone  differs  from  jafpers,  often  by  its 
fplintery  fracture;  always  by  its  tranfparency, 
though  imperfect,  and  want  of  luftre;  from  flints, 
by  its  fracture,  dulnefs,  and  hardnefs;  but  when 
its  fracture  happens  to  be  conchoidal,  by  its  dul- 
nefs, lefler  tranfparency,  and  hardnefs;  from 
quartz,  by  its  dulnefs  and  inferior  hardnefs;  from 
ferpentine,  generally  in  hardnefs,  fpecific  gravity, 
and  fufibility;  from  heliotropium,  by  the  aggre- 
gate of  its  properties. 


ad  Family. 

Schiflofe   Hornftone.      Schiefriges    Hornftein. 
Voight  Abhand.p,  81. 

Of  this  I  diftinguilh  three  varieties;  iiliceous 
fhiftus,  lydian  ftone,  and  hornflate. 


i  ft  Variety, 
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i  ft  Variety. 

Siliceous  Shiftus,    Gemeiner   Kiefel   Schiefer  o£ 
Werner. 

Dark  bluifh  grey,  or  greyifti  black,  moflly  in- 
terfedted  with  reddifh  veins  from  iron.  The 
bluifli  grey  often  intercepts  a  whitim  earth  be- 
tween its  lamina.  Luftre,  o.  Tranfparency,  i 
oro. 

Fradture,  in  the  grofs,  flaty;  of  the  fingle 
plates,  fine  fpiintery.  Fragments,  2.3. 

Hardnefs,  from  91010.  Sp.gr.  from  2,596 
to  2,641,  by  my  trial. 

The  greyim  black,  Lefke  O.  60 1,  whofe  fp. 
gr.  was  2,641,  became  grey  when  heated,  but 
was  not  otherwife  altered  by  a  heat  of  156°.  The 
bluifh  grey,  Lefke  O.  602,  whofe  fp.  gr.  was 
2,596,  grew  whiter,  coalesced,  but  did  not  melt 
at  141°. 

The  greyifh  black  is  that  which  was  analyzed 
by  Mr.  Wiegleb,  as  it  feems,  (though  he  calls  it 
coal-black),  and  found  it  to  contain  0,75  filex, 
o, 10  calx,  0,046  magnefia,  0,035  ^ron>  anc*  °>°53 
inflammable  matter,  which  appears  to  be  genuine 
coal  *. 

This  (tone  cannot  be  the  flaty  petrofilex 
mentioned  in  2d  Sauffure,  as  it  contains  no  ar- 
gill. 

Its  tranfitions  are  into  quartz,  hornftone,  argil- 
Ihe,  and  coticular  flate.  Sometimes  it  is  lo 

*  j  Chym»Ann.  1708,  p.  50,  140. 

mixed 
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mixed  with  argill  as  to  feem  to  pafs  into  it,  as  in 
Leike  G.  154. 

It  feems  to  be  nothing  more  than  a  flaty,  and  at 
the  fame  time  rifty,  hornftone ;  the  rifts  lined  with 
calx  of  iron. 


ad  Variety. 

Bafanite.     Lydian  Stone  of  Werner.    Black  Jaf- 
per  of  Some. 

Its  colour,  dark  greyilh  black,  frequently  in- 
terfected  with  veins  of  quartz. 

It  is  generally  found  in  blunted  fragments  in 
the  beds  of  rivers. 

Luftre,  fcarcely  i.     Tranfparency,  o. 

Fracture,  moftly  even,  fometimes  inclining  to 
the  conchoidal.  Fragments,  3. 

Hardnefs,   10.     Sp-  gr.  2,596. 

When  pounded,  its  powder  is  black. 

Heated  to  164,5°,  it  .remained  black,  and 
Ihewed  no  fign  of  fufion. 


3d  Variety. 

Hornflate,  of  Charpentier  and  Voight.   Schiflofe 
Porphyry  of  Werner. 

Its  colour  is  grey,  of  different  Ihades,  from  the 
afh,  to  the  bluifh,  or  olive  green.  As  this  grey 
confifts  of  two  colours,  the  white  and  blue,  the 
{tone  itfelf  is  looked  on  by  Mr.  Werner  as  an 
aggregate,  and  the  white  he  confiders  as  denoting 
felfpar;  and  hence  he  calls  it  a  porphyry;  and, 
X  %  becaulc 
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becaufe  it  is  flaty,  fchiftofe  porphyry.  However, 
the  felfpar  is  ofen  fo  minute,  that  it  can  fcarce  be 
diftindtly  perceived  j  and  in  fuch  cafes  the  ftonc 
may  be  placed  here,  and  not  among  aggregate 
llones,  and  may  be  called  hornflate. 

In  the  bluijh  the  diitinclion  of  blue  and  white 
is  moft  perceptible. 

Generally  amorphous,  and  in  large  maffes, 
fometimes  columnar. 

Its  luftre,  moftly  o ;  yet  in  a  flrong  light  a  few 
fhining  particles  may  fometimes  be  perceived. 
Its  tranfparency,  i.o. 

Its  fracture,  on  the  whole,  flaty,  but  of  the 
fingle  laminae,  which  are  often  very  thick;  the 
fracture  is  uneven,  fplintery,  and  fometimes  ap- 
proaching to  the  conchoidal. 

Its  fragments,  2.3.  Hardnefs,  nearly  10.  Sp. 
gr  from  -2,51210  2,700,  by  my  trials. 

The  fpecimen  in  Voight's  Catalogue,  marked 
^55,  and  in  Lefke's  S.  645,  which  is  alh  grey, 
•and  whofe  fp.  gr.  is  2,5122,  melted  at  145°,  into 
a  dark  grey,  almoft  compact  enamel.  The  fpe- 
cimen, Lelke  S.  973,  which  is  bluifli  grey,  and 
in  the  form  of  a  quadrangular  prifm,  its  fp.  gr. 
2,693 ,  melted  at  166°,  into  a  greenim  yellow 
Ipongy  mafs. 

By  Mr.  Wiegleb's  analylis,  the  alh"  grey, 
Voight  55,  contains  0,73  filex,  0,239  argill,  and 
0,03  5  iron  *. 

As  the  term  hornflate,  or  hornfdiefer,  has  been 
applied  to  various  forts  of  ftones,  Mr.  Hoepfner, 
of  Switzerland,  generoufly  offered  a  premium  to 
the  perfon  who  Ihould  clearly  afceri-ain  its  pre- 
fent  iignification:  fatisfad:ory  anfwers  were  accor- 

ft*    23    T. .-.     •  f.i    IJiU:   ' 

Vs^'i  Chym.  Ann.  1787,  n.  302. 

dingly 

t  *L 
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dingly  given  by  Meffrs.  Karflen  and  Voight.  By 
thefe  it  appears, 

That  Wallerius  applied  this  name  to  hornblende 
Hate,  or  fhiftofe  hornblende. 

Ferber,  partly  to  micaceous  argillite,  and 
partly  to  fchiftofe  mica,  in  which  he  is  followed  by 
Baron  Born  and  Haidinger. 

Lejke  in  his  voyage  through  Saxony  often  calls 
our  (tone  hornporphyry. 

Werner  firft  called  it  as  Charpentier  and  Voight 
do,  but  afterwards  beftowed  this  name  on  lydian 
{lone,  as  fome  others  had  done  before  him  ;  but 
now  he  drops  this  name  intirely,  and  calls  our 
ftone  fchiftofe  porphyry.  Sec  Lefke  S.  1 763,  and 
1811. 

It  feemsalfo  the  ftone  mentioned.  2  Sauffurc 
§.  672,  is  our  hornflate. 

The  bluifh  grey  often  pafies  into  trapp,  or 
bafalt,  or  into  argillite,  as  in  Lelke  S.  1639. 

Its  chief  diftinfiion  from  filiceous  ihiftus  con~ 
fifts  in  its  fufibility. 


33d  Species. 
Jafper. 

Of  this  fpecies  I  diftinguifh  four  families,  com- 
mon jafper,  ^Egyptian  pebble,  ftnped  Jafper,  and 
lihople. 


i ft  Family. 
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i  ft  Family. 
Common  Jafper,' 

It*  colours  arc  milk  white,  or  greyifh  white, 
or  yellowifh  white,  citron,  ifabella,  honey  or 
ochre  yellow,  browniih  yellow,  brick,  cochenille 
or  blood  red,  brownifh  dark  red,  yellowifh  or 
reddifh  brown,  liver  brown,  or  blackifh  brown, 
or  olive,  canary,  or  dark  green  (blue  01  black  it 
feems  have  not  occurred  *) ,  or  variegated,  fpot^ 
ted  or  veined  with  many  of  thofe. 

It  is  met  with  either  in  large  mafles,  or  blunt 
detached  fragments.  Mr.  Gerhard  tells  us,  he 
has  found  lome  irregularly  cryftallized  in  hexaha^- 
dral  prifms,  among  the  foffils  fcnt  to  him  by  Mr. 
Beyer  from  Schneeberg.  Gerh.  Grundrifs.  285. 
And  Baron  Born  mentions  fome  found  in  the 
Palatinate,  i  Raab.  126. 

Itsluftre,  2.1.    Its  tranfparency  o,  or  nearly  i. 

Its  fracture,  conchoidal,  fometimes  imperfectly, 
fometinres  flatly.  Fragments,  3. 

Its  hardnefs  from  9  to  :o.  Sp.  gr.  from  2,58 
to  2,7.  Mr.  BruTon,  indeed,  mentions  fome 
whofe  fp.  gr.  is  but  2,358,  and  others,  whofe 
denfity  extends  to  2,76  or  2,8;  but,  as  he  tells  us, 
jafper  fcarce  ever  dilcovers  any  luftre  in  its  frac- 
ture, it  is  probable  he  does  not  always  compre- 
hend in  his  idea  of  jafper,  the  flone  here  defcribed. 
The  heavier  fort  leems  evidently  contaminated 
with  metallic  particles. 

*  That  mentioned  by  Lafms,  Hartz.  106,  feems  not  to  be 
{rue  jafper,  its  ip.  gr.  being  only  2,059. 


J after.  Sir- 

It  does  not  decrepitate  when  heated ;  nor  in  my 
experiments  did  it  harden.  The  dark  cochenille 
red,  mixed  with  brick  red,  Lefke  O.  822,  whofe 
fp.  gr.  was  2,6288,  and  its  hardnefs  10,  being 
heated  to  157,5°,  gave  fire  more  weakly,  and 
thence  feemed  lefs  hard,  loft  its  colour,  having 
turned  to  greyilh  black,  and  ihewed  no  fign  of 
fufion.  Another  fpecimen  of  a  lighter  red,  fome- 
what  mixed  with  quartz  and  calcedony,  whole 
fp.  gr.  was  2,597,  being  heated  to  156°,  acquired 
the  fame  colour  as  the  former,  did  not  harden, 
nor  in  the  leaft  incline  to  fufion.  Alkalis  and 
microcofmic  fait  difficultly  flux  it;  borax  better, 
and  without  effervefcence. 

Even  by  pure  air  jafper  is  fcarcely,  and  but 
imperfectly,  melted,  as  appears  by  the  experi- 
ments of  Mr.  Lavoifier.  It  difcovers  no  metallic 
mixture;  its  colouring  matter  is  rather  volatile; 
and  its  low  fp.  gr.  fhews  it  contains  no  iron.  As, 
however,  Mr.  Gerhard  found  it  to  yield  iu  a 
chalk  crucible,  in  the  parts  that  touched  the 
chalk,  it  is  probable  it  contains  a  fmall  proportion 
of  argill,  with  a  much  larger  of  iilex.  Unlefs 
very  impure,  it  does  not  wither  by  expofure  to 
the  air. 

Its  tranfitions  are  into  horoftone,  opal,  argil- 
lite,  and  lithomarga;  it  is  often  intimately  mixed 
with  calcedony. 

The  liver  brown  ftone  of  Lefke  O.  836,  being 
deftitute  of  luftre,  I  reckon  a  hornflone.  No. 
817  O.  of  Lefke,  is  by  Karften  reckoned  a  jafper, 
yet  it  has  all  the  appearances  of  pitchftone;  its 
fp.  gr.  is  only  2,442,  which  marks  it  decifively  a 
pitchftone.  • 


X  4  2d  Family, 
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ad  Family. 
./Egyptian  Pebble. 

This  ftone  prefents  various  colours  together  in 
the  fame  fpecimen,  either  in  regular,  or  irregular 
concentric  and  alternating  ftripes,  or  layers,  or 
in  dots  and  dendritical  figures.  The  moft  ufual 
colours  are  the  yellowifh,  and  liver  brown,  red- 
dim  brown,  ifabella  yellow,  yellowifh  grey,  grey- 
ilh,  or  reddifh  white,  milk  white,  leek  green, 
and  black ;  this  lafl  only  in  dots  and  dendritical 
figures.  It  is  found  in  fpheroidal,  or  flat  rounded 
maffes,  which  are  inveloped  in  a  coarfe  rough 
crufl. 

Its  internal  luftre,  i.  External,  o.  Itstranf- 
parency,  o. 

Its  fradure  conchoidal. 

Its  hardnefs,  10.    Its  fp.  gr.  2,564..     Briflbn. 

Found  principally  in  ^Egypt,  fometimes  in 
Europe,  particularly  in  Lorraine. 

3d  Family. 
Striped  Jafper.    Band  Jafper  of  Werner. 

This  ftone  alfo  prefents  different  colours  in  the 
fame  fpecimen,  generally  in  ftreight,  more  rarely 
in  curved  concentric  ftripes  or  layers.  Seldom  in 
oblong  fpots. 

The  moft  ufual  colours  are  yellowifh,  or 
preenifh  grey,  ochre,  and  ifabella  yellow,  brown- 

ift 
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i(h  red,  pale  or  dark  flefli  red,  mountain  or  dark 
green. 

It  occurs  in  large  mafles.  Luftre,  o.  Tranfpa- 
rency, fcarcely  i. 

Its  fradture  imperfeftly  conchoidal,  or  nearly 
even. 

Its  hardnefs,  from  9  to  10.  Sp.  gr.  from  2,5 
to  2,82. 


^th  Family. 
Sinople. 

Its  colour  dark  red. 

Its  luftre,  o.     Tranfparency,  o. 

Its  fracture,  imperfe&ly  conchoidal. 

Its  hardnefs  from  9  to  10.  Sp.  gr.  2,691. 
BrhTon.  p.  120. 

It  is  faid  to  contain  1 8  per  ct.  of  iron,  i  Raab. 
p.  125.  Yet,  iffo,  it  fhould  be  much  heavier. 

A  red  hornftone  is  fometimes  known  under  this 
name  in  Hungary. 

34th  Species. 
Porcellanite,  Porcelain  Jafper,  of  Werner. 

Its  colours  are  pearl  grey,  lavender  blue,  pale 
blue,  pale  yellow,  greeniih  yellow,  brick  red, 
with  pearl  grey,  or  greyifh  black  *. 

It  is  found  in  large  mafles,  frequently  rifty. 

Its  luftre  from  i  to  2.     Tranfparency  o.     . 

*  i  Bergbau.  p.  358. 

Its 
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Its  fracture,  imperfectly  conchoidal,  inclining 
to  the  even.  Fragments,  2.3. 

Its  hardnefs,  9.  Its  fp.  gr.  2,33,  by  my 
trial. 

The  fpecimen  of  Lefke  K.  33,  melted  at  151% 
into  a  fpongy,  yellowifh  grey  tumefied  femi- 
transparent  mafs.  Hence  I  confider  it  as  fpecifi- 
cally  different  from  jafpers.  The  colour  of  that 
I  employed  was  lavender  blue,  and  feerned  per- 
fectly pure. 

Mr.  Peithner  called  it  porcellanite,  which  name 
fhould  be  continued,  not  to  confound  this  ftonc 
with  genuine  jafpers. 


35th  Species. 
Heliotropium. 

Its  colour  is  generally  intermediate  between 
grafs  and  leek  green,  fometimes  dark  mountain 
green,  fometimes  lighter,  or  approaching  to  a 
blackim  green,  and  moftly  dotted  or  fpotted  with 
olive  green,  ochre  yellow,  or  blood  red  fpots  of 
jafper. 

Amorphous. 

Luftte,  i.o.  Tranfparency,  2.1,  fometimes 
fcarcely  i. 

Its  fracture  conchoidal,  fometimes  flat  or  im* 
perfect,  or  mixed  with  the  coarfe  fplintery. 

Fragments,  3, 

Its  hardnefs  from  10  to  n.  Its  fp.  gr.  2,62 
to  2,7. 

In  Mr.  Lavoifer's  experiments,  it  was  fcarcely 
melted  even  by  pure  air.  In  mine  the  dark 
green  of  Lelke  O.  580,  whofe  fp.  gr.  was  2,681, 

became 
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became  reddiih  brown  at  114°;  at  142°,  its  frag- 
ments (lightly  agglutinated. 

This  fpecies  is  evidently  nearly  allied  to  jafper, 
and  often  differs  only  by  the  aggregate  of  its  pro- 
perties; its  fragments  fharper,  and  its  tranfpa- 
rency  often  much  greater. 

/;y!'v: 

36th  Species. 

Woodftone.    Holzflein  of  Werner.     Lithoxylon 
of  others  *. 

Its  colour  is  generally  blackifli,  or  bluifh 
grey  ;  the  former  frequently  pafTes  into  the 
greyifh  black,  and  the  latter  into  the  greyifli 
white;  and  this,  from  the  light  reddifh  grey, 
into  the  blood  or  cochenille  red.  Seldom  ochre 
yellow,  or  mountain  green ;  fomttimes  reddifh, 
or  yellowifh  brown. 

Thefe  colours  moft  commonly  appear  together, 
in  fpots,  blotches,  or  ftripes,  in  the  fame  fpeci- 
men. 

It  always  manifefts  its  priftine  flate,  either  by 
its  branchy  form,  or  its  knots  or  roots.  Its  fur- 
face,  like  that  of  the  wood  from  which  it  origi- 
nates, fometimes  rough,  fometimes  uneven, 
fometimes  coarfely  ftreaked  in  the  direction  of  its 
length. 

Its  internal  lultre,  T.     Its  tranfparency,  1,2. 

Its  fracture,  conchoidal ;  fometimes  imper- 
feftly,  or  approaching  to  the  fine  fplintery,  fome- 
times flaty;  and  generally,  by  its  interlaced 
fibrous  flrudure,  difcovers  its  origin.  Its  frag- 
ments, 3.  Often  fplintery. 

*  i  Bergm.  Journ.  1788,  p.  289. 
2  It$ 
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._J*    X^*        i*  *    A     -T-  ?         fc  *      ^^     j*»*J 

Its  hardnefs,  10.  The  jp.  gr.  of  different 
fpecimens  which  I  tried  extended  from  2,045  to 
2,675. 

It  is  commonly  (not  always)  the  fubftance  of 
petrified  wood.  A  ftump  of  a  tree  fix  feet  in 
length,  and  as  many  in  diameter,  with  roots  and 
branches  thus  petrified,  was  lately  found  near 
Chemnitz,  in  Saxony. 

-It  often  withers  by  expofure  to  the    atmo- 
fphere. 

Its  tranfitions  are  into  quartz,  calcedony, 
and,  as  fome  fay,  into  pitchftone  or  opal. 


37th  Species. 
Elaflic  Quartz. 

Its  colour,  is  greyifti  white,  covered  with  thin 
fcales  of  grey,  or  brownifh  mica. 

Its  luftre,  o,  or  i,  from  a  few  micaceous  par- 
ticles difperfed  through  it.  Tranfparency,  i. 

Its  frafture  I  could  not  well  difcern,  as  I  was 
not  at  liberty  to  break  the  fpecimen  ;  but  from  a 
1'mall  accidental  fracture,  it  feems  earthy. 

Its  hardnefs,  9.  Brittle.  Specific  gravity,  ac- 
cording to  Mr.  Gerhard,  Mem.  Berl.  17^3,  p. 
107,  is  3,750;  but  his  flone  muft  be  very  diffe- 
rent from  that  poffeffed  by  the  Royal  Irilh  Aca- 
demy i  the  fpecific  gravity  of  this  being  only 
2,624. 

Flexible  and  elaflic  in  a  moderate  degree  in 
every  direction. 

Phofphorefces  when  fcraped  with  a  knife  in  the 
dark. 

According 
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According  to  Mr.  Gerhard,  it  is  no  way  altered 
by  a  heat  of  140° ;  but  by  fixed  alkalis  it  is  eafily 
fufible.  According  to  Mr.  Ehrman,  it  is  by  the 
heat  of  pure  air  converted  into  a  femitranfparent 
glafs.  But  Mr.  Gerhard  tells  us,  he  expofed 
his  to  that  heat  for  feven  minutes  without  any 
cffed:. 

By  the  analyfis  of  Mr.  Klaproth  it  contains  0,965 
lilex,  0,025  argill,  and  0,0 1  iron. 

By  that  of  Mr.  Gerhard,  0,92  filex,  0,03  ar- 
gill, 0,02  calx,  and  0,01  iron. 

Baron  Trebra  found  a  flexible  fandftone  in 
Thuringia, 


3  8th  Species. 
Felfpar. 

Of  this  foffil  there  feems  to  be  three  families ; 
common  felfpar,  moonftone,  and  continuous  fel- 
fpar. ,.';>.•< 

i  ft  Family. 

Common  Felfpar,  or  Felfpar  fimply  fo  called  *. 
Spath  fufible  of  Defmaretz,  Spath  Etinulant, 
Spathum  Pyromachum. 

Its  colour  is  moft  commfcnly  flefh  red,  fo.ue- 
times  bluifh  grey,  oftener  yello'.viih  white,  or 

*  This  name  feems  to  me  derived  fromfels,  a  rock;  it 
being  commonly  found  in  granites,  and  not  from  feld^  a 
field;  and  hence  I  write  it  thus,  fdJpar. 

milk 
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milk  white,  or  brownifh  yellow,  rarely  blue,  or 
olive  green ;  and  lately,  in  one  intfance,  black. 
2  Saufl: 

Amorphous  and  interfperfed,  fometirries  cryf- 
tallized  in  rhomboids,  or  fix  or  eight  fided  prifms; 
feldom  right  angled;  very  feldorn  in  pellucid 
needles,  tables,  or  polygons. 

Its  luftre  when  broke  acrofs,  o ;  in  other  di- 
rections, 2.3.1.  Its  tranfparency,  2.1. 

Its  frafture  difcovers  a  ftreight  foliated  texture. 
The  lamellas  polifhed,  and  mining,  often  on  four 
fides,  crols  fracture  uneven. 

Its  fragments  rhomboidal,  or  tending  to  that 
form. 

It  generally  prefents  granular  diftinct  concre- 
tions, either  large  or  fmall. 

Its  hardnefs  from  9  to  10.  Its  fp.  gr.  from 
2,437  to  2,600;  the  greenifh  feem  to  extend  to 
2,70. 

The  yellow  felfpar  of  Port  Francois,  in  North 
America,  is  fo  brittle  as  not  to  bear  the  flighted 
friction ;  when  heated  it  becomes  red.  3 1  Roz. 
Journ.  p.  156. 

When  heated,  the  cryftallized  frequently  de- 
crepitate, a  quadrangular  prifm  of  cryftallized 
felfpar  of  Baveno,  of  a  reddiih  white  colour,  and 
whofe  fp.gr.  was  2,437,  melted  at  130°,  into  a 
grey  femitranfparent  porous  glafs,  and  at  154° 
into  a  cpmpact  femitranfparent  glafs,  Another 
from  Silefia,  which  was  not  cryftallized,  and 
whofe  fp.  gr.  was  2,554,  anc*  °^  a  grey  yellowifh 
white  colour,  melted  at  119°,  into  a  grey  fmoorh, 
almoft  compact,  femitranfparent  glafs  ;  and  be- 
s  ing  mixed  with  an  equal  weight  of  Carrara  mar- 
ble, it  melted  at  105°,  into  a  white  opake,  almofl 

compact 
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compaft  mafs  of  a  filky  luftre.  The  green  becomes 
pale  reddifh  when  heated. 

Alkalis  flux  this  (tone  with  great  difficulty; 
microcofmic  fait  (and  particularly  borax)  is  more 
effectual. 

According  to  Mr.  Gerhard,  the  pureft  felfpar 
found  in  granites  contains  0,46  filex,  0,30  ar- 
gill,  and  0,06  calx.  Here  0,18  parts  are  miffing, 
a  lofs  too  great  to  be  imputed  to  the  efcape  of  air 
and  water.  Mem.  Berl.  1783,  p.  119. 

Mr.  Wiegleb,  in  100  parts  of  the  reddifli  fel- 
fpar of  Geyer,  found  65  filex,  32  argil),  1,66 
calx  of  iron,  and  0,0062  of  fluor  acid,  i  Chy. 
Ann.  1785,  p.  392.  This  compound  I  found 
infufible  even  at  155°,  therefore  it  could  not  form 
a  felfpar. 

Mr.  Heyer,  in  white  felfpar,  detected  0,74 
filex,  0,30  argill,  and  a  minute  portion  of  iron; 
the  amount  exceeds  100.  In  a  red  felfpar  he 
found  0,64  filex,  0,31  argill,  0,06  of  iron,  and 

a  minute  portion  of  calx.     2  Chym.  Ann.  1788, 

p.  147.     Both  thefe  compounds  are  infufible  at 

150°. 

Mr.  Meyer,  in  whits  felfpar,  0,74  filex,  0,24 

argill,  0,06  calx,  and  0,0 1  of  iron;  and  in  red 

felfpar,  0,79   filex,  0,16  argill,  0,023  °f  ^ron* 

Thefe  compounds   I  found    infufible    at    145°. 

Mr.  Sauflure,  from   a  femitranfparent   greenifli 
felfpar,  feparated   0,43  filex,  0,37   argill,  0,017 

calx,  and  0,04  of  iron.     This  compound  is  alfo 

infufible  at  145°. 

Not  one  of  thefe  refults  exhibits  a  fufible  com- 

pound  ;  or,  at  lead,  one  that  would  yield  a  white 

or  grey  femitranfparent  enamel. 

I  found  cryftallized  reddim  white  felfpar,  whofe 

fp.  gr.  was    2,542,  to  contain   0,67  filex,  about 
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14  argill,  o,n  of  barytes,  and  0,08  magnefia. 
Though  this  refult  feems  lefs  improbable,  ab- 
ftradtedly  confidered,  than  any  of  the  foregoing, 
yet  Mr.  Dolomicu  thinks  I  muft  have  been  mif- 
taken,  as  (according  to  him)  barytes  cannot 
cxift  in  the  felfpar  of  granites,  and  no  other  ana- 
lyfis  had  difcovered  it.  Mr.  Hoepfner,  however, 
difcovered  barytes  in  granite,  i  Chym.  Ann. 
1788,  p.  134.  And,  fliortly  after,  Mr.  Haffen- 
fraz,  in  the  felfpar  of  St.  Yrieux,  found  0,70 
filex,  0,12  argill,  0,09  magnefia,  and  0,08  of 
barytes.  14  Ann.  Chym.  p.  14.  Mr.  Weftrumb 
alfo  found  barofelenite  in  the  pureft  felfpar. 

Magnefia  was  indicated  in  felfpar  by  Mr.  Berg- 
man, Sciagr.  §.  130.  Though  not  found  by 
many  of  the  fubfequent  analyfls;  it  did  not, 
however,  efcape  Mr.  Monnet,  who  found  it 
jointly  with  filex,  argill,  and  calx,  in  the  felfpar 
he  examined.  13  Roz.  Suppl.  p.  54.  Nor  Mr. 
Chaptal,  who  obferved  it  to  exift  in  greater  plenty 
in  the  red  than  in  white  felfpar. 

Mr.  Fabroni,  who,  happily  for  Italy,  has  lately 
directed  his  attention  to  mineralogy,  difcovered, 
in  the  felfpar  of  ./Egyptian  granite,  0,55  filex, 
0,36  argill,  0,02  barytes,  0,04  magnefia,  and 
0,03  of  iron.  See  Mr,  De  LaMetherie's  late  edi- 
tion of  the  Manual  of  Mr.  Mongez. 

Mr.  Scopoli,  in  felfpar  of  Baveno,  found  0,63 
filex,  0,17  argill,  0,06  magnefia,  0,02  calx,  and 
0,07  of  iron  ,  lofs  0,05.  With  refpedl  to  iron,  it 
is  highly  improbable  that  this  felfpar,  which  is 
of  the  pureft  kind,  fhould  contain  any.  That 
which  appeared  may  moft  probably  be  afcribed 
to  rhe  Fruffian  alkali  he  employed  in  the  ana- 
lyfis. 

6  From 
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From  thefe  different  analyfes  it  appears  that 
any  compound  of  filex  and  argill,  in  which  filex 
predominates,  and  to  which  a  fufficient  buc 
fmaller  proportion  of  calx  and  magnefia,  or  of 
calx,  magnefia,  and  barytes,  is  added  to  render 
the  whole  fufible  in  a  heat  not  exceeding  140°, 
may  form  a  felfpar,  and  ivill  undoubtedly  be  fo 
called,  if  at  the  fa;ne  time  it  prefer's  a  foliated 
texture;  but  iron  a^n-  «  to  be  s,  loreign  ingre- 
dient. 

The  felfrnr,  ^oth  in  gnnires  and  porphyries, 
is  frequently  found,  or  at  leatl  fufpefi-sd  to  be 
the  part  that  is  found,  in  a  decompofed  or  dif- 
imegrated  ft  ate,  and  is  faid  to  conftitute  in  fuch 
cafes,  when  free  from  iron,  a  porcelain  clay. 
Buc  as  this  clay  is  infufible,  whereas  felfjur  is 
eflentially  fufible,  and  as  fome  felfpars  are  not 
in  the  leafl  injured  by  expofure  to  the  air,  it 
fiiould  feem  that  the  (tones,  fo  d integrated  as 
to  be  converted  into  porcelain  clay,  were  not 
originally  felfpars,  but  fome  other  fpecies  of 
(lone.  I  do  not,  however,  deny,  that  in  the 
neighbourhood  of  volcanos,  real  felfpars  may  be 
converted  into  porcelain  chys  by  vitriolic  fumes, 
as  the  falts,  that  have  magnefia  or  calx  for  their 
ban's,  may  be  wafhed  away 

Felfpar  may  alfo  be  decompofed  when  mixed 
with  iron,  or  when  its  texture  is  loofe,  but  then 
the  refulting  clay  will  not  be  fit  for  porcelain. 
To  remove  all  doubt,  I  fe Crated  part  of  the 
white  earth  of  a  decompofed  felfpar,  Leilie  O. 
907*.  And  found  it  refufed  to  melt  at  130°,  but 
formed  a  porous  white  enamel  at  140°.  Hence 
it  is  really  an  earth  from  felfpar,  though  not 
true  porcelain  earth. 

Y  Its 
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Its  tranfitions  are  obfcure,  and  difficultly 
traced,  but  feem  to  be  into  fliorlites,  calcedony, 
quartz,  Labradore  flone,  Labradore  hornblende, 
and,  perhaps,  into  pitchftone.  By  difintegration 
it  pafles  into  clay. 

zd  Family. 
Moon  Stone,  Adularia  of  Pini  *. 

Its  colour  white,  yellowish,  or  greenilh  white, 
fomewhat  iridefcent,  fometimes  reddifh.  Found 
cither  in  blunt  amorphous  mafles,  or  cryftallized 
either  in  truncated  rhomboidal  prifms,  fingle  or 
coalited,  or  in  rectangular  tables,  or  in  hexahae- 
dral  prifms  bevilled  at  both  ends,  fingle  or  re- 
united. Thefurface  often  fulcated. 

Its  external  luftre  pearly,  3.  Its  internal  the 
fame.  Tranfparency,  2.3. 

Its  fra&ure  ftreight  foliated,  and  fometimes 
appears  ftriated.  Fragments,  2.  Polilhed  on 
four  fides,  and  rhomboidal.  Its  hardnefs,  10. 
Its  fp.  gr.  by  my  trial,  2,559. 

At  130°,  it  melted  into  a  white  femitranfpa- 
rentmafs,  with  a  vitreous  furface;  but  internally 
between  a  porcelain  and  an  enamel. 

By  the  analyfis  of  Mr.  Weftrumb,  it  contains 
0,625  filex,  0,17  argill,  0,065  calx,  0,02  baro- 
felenite,  0,06  magnena,  0,014  iron,  and  0,0025 
of  water.  2  Chym.  Ann.  1790,  p.  221. 

Another  fpecimen,  lefs  tranfparent,  and  fome- 
what yellowilh,  afforded  him  0,63  filex,  0,19  ar- 

*  Wern.Cron^.  p.  151.  34  Roz.  p.  262.  i  Bergm. 
Jj«irn.  1790,  p.  272. 

gill, 
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gill,  0,06  calx,  0,0325  magnefia,  0,04  calx  of 
iron,  0,015  barofelenite,  and  0,005  water. 

Mr.  Moreli,  in  another  fpecimen,  found  o,<5a 
filex,  0,19  argil  1,  0,11  felenite,  0,055  magnefia, 
and  0,0 1 75  water.  2  Helv.  Mag.  p.  95.  Neither 
of  thefe  analyfts  found  the  fparry  acid. 


3d  Family. 
Continuous  Felfpar.     Felfpar  en  Mafle. 

Its  colour  reddifh  grey,  or  pale  reddifli  yellow, 
or  flefh  coloured. 

It  is  found  in  large  maiTes,  and  generally  mixed 
with  mica  or  hornblende,  and  fometimes  forms 
the  bafis  of  porphyries. 

Its  luftre,  o.     Its  tranfparency,  i. 
Its   fracture;  unequal  and   earthy,  fometimes 
fine   fplintery.     Fragments,     2.     Indeterminate, 
and  without  any  polilh. 

Its  hardnefs,  10.  Its  fp.  gr.  2,609,  in  the 
fpecimen  I  tried. 

It  frequently  confifts  of  granular  concretions, 
eafily  feparable. 

A  fpecimen  of  this  fort,  Lelke  G.  233,  melted 
at  1 50°, 5,  into  a  porous  porcelain  mafs,  glazed 
on  the  furface. 

It  feems  to  be  the  ftone  called  earthy  felfpar. 
2  Sauff.  p.  136,  322,  and  596. 

It  differs  from  the  amorphous  (tones  of  the 
firft  family  in  this,  that  the  laft  has  a  foliated 
texture,  and  more  luftre,  and  the  fragments  tend 
more  to  the  rhomboidal  lhape;  and  aifo  in  fwfi- 
bility. 

Y  2  39th  Species% 
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39th  Species. 

Labradore  Stone.     Labradore  Felfpar  of  Wer- 
ner *. 

Its  colour  is  of  a  light  or  dark  grey,  or  bluifh, 
or  blackifh  grey;  bur,  in  certain  petitions  and 
fpots,  reflecting  blue,  purple,  red,  green,  &c. 

In  blunted  fragments  it  chiefly  occurs. 

Its  lull  re,  2.3.     Its  tranfparency,  1.2.3. 

Its  fraflure,  (height  foliated. 

Its  fragments,  2.  Rhomboidal,  with  four 
polimed  faces,  or  tending  to  that  lhape. 

Sometimes  without  diftinct  concretions ;  fome- 
times  with  large  or  coarfe  grained,  rarely  with 
thick  lamellar. 

Its  hardnefs,  10.  Its  fp.  gr.  from  2,67  to 
2,6925. 

At  130°,  a  fpecimen  of  the  bluifh  grey, 
whofe  tranfparency  was  barely  i,  and  its  fp.gr. 
2,672,  which  I  had  from  Mr.  Woulfe,  was 
barely  glazed  on  the  outfide ;  and  at  155°  the 
white  part  leparated  itfelf  from  the  brown,  and 
was  melted.  The  brown  was  alfo  imperfectly 
rieltec  into  an  opake  porous  brown  porcelain. 

From  this  difficult  tufibility,  I  conclude  Labra- 
dore to  be  fpecifically  different  from  common 
felfpars;  the  nature  of  the  brown  matter  is  not 
known,  this  (lone  having  never  been  analyzed. 

The  green  felfpar  of  Siberia,  defcribed  by  Mr. 
Bindheim,  5  Berl.  Beob.  p.  107,  is  evidently  a 
variety  of  this  fpecies.  It  differs  only  in  the  fol- 

*  Wern.  Cronft.  p.  149. 

lowing 
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lowing  particulars.  Its  colour  is  apple  green, 
and  from  that  pafles  into  the  verdegris  green, 
with  white  ftripes.  Its  luftre  is  often  pearly  and 
iridefcent.  2  Chym.  Ann.  1792,  p.  234. 

Its  fp.  gr.  2,583  ;  in  every  other  refpect  it  re- 
fembles  the  above.  When  heated  it  lofes  its 
green  colour,  hardens,  becomes  fleih  red,  but 
refufes  to  melt  before  the  blowpipe.  Nor  have 
the  ufual  fluxes  much  effect  on  it.  Hence  I  con- 
lider  both  as  fpecifically  different  from  common 
felfpar  and  its  varieties. 

Mr.  Bindheim  found  100  parts  of  it  to  confift 
of  69,5  filex,  13,6  argill,  12  gypfum,  0,7  calx 
of  copper,  0,036  calx  of  iron,  and  about  four 
grains  were  loft.  5  Bed.  Beob.  p.  1 1 1. 


40th  Species. 
Petrilite,  or  Cubic  Felfpar  of  Karften*. 

Its  colour  is  reddifh  brown,  or  brownifli  red. 

Amorphous. 

Its  luftre,  2.  Its  tranfparency,  partly  2, 
partly  i. 

Its  fracture  participates  of  the  fplintery  and 
foliated ;  but  inclines  more  to  the  former. 

Its  fragments,  2 ;  cubic,  or  inclining  to  that 
form,  and  without  polifhed  faces. 

It  feems  to  confift  of  thick,  indiftinctly  feparate 
flreight  lamellar  concretions. 

Its  hardnefs,  9.  Brittle.  The  fpec.  gravity  of 
the  fpecimen  I  tried,  which  was  that  in  Lefke  O. 
907°,  was  3,08 1. 

*  2  Bergm.  Journ.  1788,  p.  809. 

Y  3  At 
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At  160%  it  whitened,  and  barely  concreted, 
without  any  farther  fign  of  fufion. 

Hence  it  is  plain  it  is  fpecifically  different  from, 
the  other  ftones  hitherto  called  felfpars;  on  this 
account,  to  avoid  confounding  it  with  them,  I 
call  it  petrilite. 


4  ift  Species. 
Felfite,  or  compact  Felfpar  of  Widenman  *. 

Its  colour  is  azure  blue,  or  in  fome  parts  bluilh 
white,  or  pale,  or  deep  brownifh,  or  blackifh 
green,  or  greenifh  white. 

It  is  found  amorphous,  afibciated  with  quartz 
and  mica ;  in  larger  or  fmaller  mafles  in  granite ; 
the  green  chiefly  in  porphyries.  The  blue  was 
lately  difcovered  near  Krieglach,  in  Stiria,  by 
Mr.  Widenman. 

Its  luftre,  i.     Its  tranfparency,  fcarcely  i. 

Its  fradture  uneven,  yet  often  approaching  to 
trie  fine  fplintery ;  in  fome  fpecimens  a  fine  foli- 
ated texture  may,  though  with  fome  difficulty, 
be  perceived. 
•  Its  fragments,  2.    Indeterminate. 

Gives  a  white  flreak. 

Its  hardnefs,  9.  Its  fp.  gr.  not  confiderablc, 
that  is,  does  not  amount  to  4. 

Expofed  to  a  blowpipe  it  whitens  and  becomes 
rifty,  but  is  \r\fufib\eperfe. 

This  Hone  I  have  not  as  yet  feen,  or  at  leaft 
diftinguilhed. 

"»rro 

*  i  Bcrgm*  Journ.  1791,  p.  345.    And  the  note  in  p. 

346'  '  JC       - 
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*\  ;•••          >  <»  .  f  >li>&  x^i^i  a  *  -ev 
:  "jo  -u*:>  ^o  Vl^up  ^**  Xn 
42  d  Species. 

Argentine  Felfpar,  or  Oculus  Fifcis  *. 

Its  colour  white,  two  oppofite  faces  filvery 
white,  two  others  dead  white,  or  yellowilh; 
when  decompofing  iridefcent,  when  farther  de- 
compofed  ochre  yellow. 

It  is  found  amorphous  in  rounded  fragments, 
or  cryftallized  nearly  as  common  felfpar,  or  in 
detached  plates,  or  in  fhining  ftrize. 

Its  internal  luftre,  4.  Its  tranfparency,  2  ;•  or 
i  when  decompofing. 

Its  fradture  in  one  direction  foliated,  in  another 
flriatcd. 

Its  fragments  rectangular.  The  lamellae  in- 
flexible. 

Hardnefs  of  the  filvery  lamina?,  6 ;  of  the 
others,  9.  Brittle.  Sp.  gravity,  when  not  much 
decompofed,  2,500;  when  more  advanced  in  this, 
refpedt  2,300  or  2,212. 

When  decaying,  if  breathed  on,  it  gives  an 
earthy  fmell. 

Expofed  to  the  blowpipe,  and  ftuck  on  glafs, 
if  the  flame  be  directed  to  the  edges,  it 
eafily  melts  into  a  clear  compact  glafs ;  but,  if 
the  flame  be  directed  on  the  faces,  they  itill 
preferve  their  luftre,  and  only  the  edges  flowly 
melt. 

This  ftone  was  difcovered  in  the  black  moun- 
tain of  Languedoc,  by  Mr.  Dodun,  one  of  the 
rnoft  eminent  French  mineralogifts ;  by  its  exter- 

*  37  Roz.  Journ.  p.  49.    36  Roz.  Journ.  p.  405. 
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na'  characters  it  is  nearly  allied  to  common  fel- 
fp^r,  Out,  by  the  quantity  of  calx  of  iron  which  it 
eff.  nially  contains,  it  rriuft  be  deemed  fpecirically 
different  from  them. 

by  the  analyfis  of  Mr.  Dodun  it  contains  0,46 
filex,  0,36  argill,  0,16  calx  of  iron. 

;i 
. 
43d  Species. 

Of  the  Redftone  of  Rawenftein. 

This  ftone  is  thus  defcribed  by  Count  Razou* 
moufky.  3  Mem.  Laufane,  p.  129. 

I?s  colour,  by  reflected  light,  is  rofe  red,  and 
fomewhat  indefcent ;  by  rcfradted,  blue. 

It  is  found  amorphous,  and  in  large  mafles. 

Its  luftre,  a.  Its  tranfparency,  2.3.4.  Its  frac- 
ture thick  foliated. 

Its  fragments  tending  to  the  cubical  form. 
Confifts  of  numerous  diftin<5t  concretions. 

Its  hardntfs  from  9  to  10.  Brittle.  Its  fp. 
gr.  confiderably  approaching  to  that  of  barolele- 
nite. 

It  decrepitates  when  fuddenly  heated,  and  in 
the  ftrongeft  heat  of  a  fmith's  forge  it  melts  bu: 
imperfefllyr  The  ufual  fluxes  have  no  very  fen- 
fible  effedt  on  it. 

It  fecms  nearly  allied  to  petrilite. 


44th  Species. 


Siliceous  Spar.  329 

44th  Species. 
Siliceous  Spar.     Saulen  Spatb  of  Bindheim. 

Its  colour,  white,  ftraw  yellow,  or  fea  green, 
mountain  green,  or  light  blue.  Red  ? 

Its  luftre  filky,  2. 

It  is  found  cryftallized  in  quadrangular  or 
hexangular  prifms,  tranfverfely  ftreaked,  and 
generally  heaped  together. 

Its  fra&ure  fibrous,  or  ftriated. 

It  effervefces  with  acids. 

According  to  the  analyfis  of  Mr.  Bindheim,  it 
contains  61,1  filex,  21,7  calx,  6,6  argill,  5  mag- 
nefia,  1,3  calx  of  iron,  and  3, 3  water.  3  Schrift. 
Naturforch.  Freunde.  p.  452. 

The  defcription  above  given  is  imperfed: ;  yet 
from  that,  and  the  analyiis,  we  may  infer  that 
it  is  nearly  allied  to  zeolites.  Mr  Bergman  in- 
deed *  conliders  it  as  of  the  fame  fpecies  as  the 
zeolite  of  H^lleftadt ;  but  the  fmall  proportion 
of  water  it  holds  difcriminates  it  too  ftrongly 
from  that  foflil  to  allow  them  to  be  of  the  fame 
fpecies. 

Mr.  Hoffman,  on  the  contrary,  conje&ures  it 
may  be  the  fame  as  the  tremolite  of  Hcepfner, 
which  Mr.  Ferber  -f-  informs  us  is  of  a  red  co- 
lour, and  fibrous,  or  ftriated,  and  in  which  Mr. 
Klaproth  found  0,65  filex,  0,18  calx,  0,103 

*  ScMved.  Abhand.  1784. 

f  Drey  Briefe  Miner.  Inhalt.  p.  az. 

magnefia, 
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magnefia,  0,065  ^xe<^  a"ir  a°d  water,  and  0,005 
calx  of  iron,     i  Chym.  Ann.  1790,  p.  54*. 

Of  Agates. 

Agates,  as  Mr.  Werner  juftly  remarks,  do  not 
form  a  diftinct  fpecies  of  ftone,  but  confift  of 
quartz,  cryftal,  hornftone,  ftint,  calcedony,  ame- 
thyftjafper,  carnelian,  heliotropiumjade,  aggre- 
gated in  binary,  ternary,  or  more  numerous  com- 
binations, and  fufceptibie  of  a  good  polifli;  even 
one  of  thefe,  if  it  prefents  two  or  more  colours  and 
afiumes  a  good  polifh,  is  called  an  agate.  Thefe 
mixtures  prefent  either  dots,  veins,  zones,  fila- 
ments, figures  of  various  kinds,  ramifications,  or 
arborizations. 

They  are  found  either  in  rocks,  as  in  Saxony, 
near  Kunmerfdorf,  or  in  angular  fragments,  or  in 
nodules,  or  contained  in  fmall  rounded  lumps 
called  Geods,  or,  though  feldom,  ftalaftitic. 

Their  colours  are,  the  clear  yellowiih,  reddiflr, 
milk,  or  greyiih,  or  bluiih  white,  or  pearl  grey, 
or  honey,-  ochre,  or  orange  ye/low,  fieih,  blood, 
or  brick  red,  or  reddifh  brown,  violet  blue,  or 
brownifh  green. 

The  clear  pellucid 

white  denotes  Cryftal  or  quartz.,"1, 

The  yellowifh  white  Amethyft,  calcedony, 

The  greyiih  white  Quartz, 

The  milk  white  '  Jaipur,  amethyft, 

The  yellowifh  grey  Quartz,  flint, 

The  fmoke  grey  Calcedony,  flint, 

*  i  Bergm.  Journ.  1790,  p.  8r. 
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The  pearl  grey  denotes  Calcedony, 

The  greenifli  grey  Calcedony,  jafper, 

The  bluifh  grey  Calcedony, 

The  honey  yellow  Flint,  jafper, 

The  yellow  Jafper, 

The  ochre  yellow  Calcedony, 

The  orange  yellow  Calcedony, 

The  yeilowim  brown        Carnelian, 

The  reddifti  brown  Hornftone,  carnelian, 

The  flefh  red  Carnelian, 

The  blood  red         .rjj-,  Jafper,  carnelian, 

The  brick  red  Jafper, 

The  violet  blue         ^  r^Amethyft, 

The  brownifti  green          Heliotropium, 

The  leek  green,  and;,:-v/10 

feeling  fpmewhat 

greafy  y,L^>{     ?  vil    *  Jade. 

Amethyfts  are  diftinguiflied  alfo  by  their  dif- 
tinft  columnar  concretions. 

The  figures  contained  in  agates  are  various, 
fome  reprefenting  the  polygon  lines  of  a  fortifi- 
cation, Come  perfpe&ive  views,  or  arborizations, 
or  mofs,  and  called  mochosj;  fome  contain  real 
mots,  or  other  herbs,  as  Mr.  D'Aubenton  has 
fhewn..  Mem.  Paris.  1782,  p.  668. 

The  fpecific  gravity  of  ag"ates  is  generally  from 
2.58  to  2,666.  If  they  contain  jade  they  may 
be  heavier.  Their  hardnefs  from  10  to  12. 

The  finer  kiads  are  called  oriental,  they  are 
femipellucid. 
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SIXTH      GENUS. 

Stronthiaa  Earth. 

ift  Species. 
Combined  with  fixed  air,  Stronthianite. 

ITS  colour  is  light,  or  whitifli  greea. 
It  is  found  in  large  (hapekfs  mafles. 
Its  luftre,  from  2  to  3.     Its  tranfparency,  2. 
Its  fracture,  thick  ftriated,  fometimes  prefent- 
ing  diftindt  columnar  concretions. 

Its  hardnefs,  5.     Its  fpec.  grav.  from  3,4  to 

3»644- 

It  burns  to  lime  in  a  heat  of  140°,  and  eafily 
vitrifies  with  the  clay  of  the  crucibles. 

It  effervefces  with  the  nitrous  and  muriatic 
acids,  and  forms  with  them  eafily  cryftallizable 
fajts,  but  which  are  precipitable  by  barytic  lime 
water. 


SEVENTH 
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SEVENTH    GENUS. 


Jargon.     Zircon  of  the  Germans. 

THE  only  fpecies,  of  this  genus  hitherto 
known,  is  the  done  called  Jargon  of  Ceylon,  or 
Zircon,  which  exhibits  the  following  charac- 
ters * : 

Its  colour  is  grey,  or  greenifti  white,  moun- 
tain or  olive  green,  inclining  more  or  lefs  to  yel 
low,    yellowifh  brown,    reddifh   brown  -f-,    and 
violet. 

It  is  found  either  in  fmall  irregular  grains,  or 
cryftallized.  The  cryftallization  prefents  either 
right-angled  quadrangular  prifms  furmounted 
with  pyramids  ;  or  odtohcedrals,  confifting  of  dou- 
ble quadrangular  pyramids ;  the  furface  fome- 
what  fmooth  and  poliihed. 

The  external  luftre  is  cafual,  but  the  internal 
is  firong  and  inclining  to  the  metallic. 

The  fracture  is  intermediate  between  the  thin 
curved  foliated,  and  the  flat  conchoidal,  and 
feme  fmall- grained  diftinft  concretions. 

The  fragme'  ts,  indeterminate  and  very  (harp. 

Strongly  lemitranfparent.  Sometimes  Opake. 
Briflbn  73. 

Its  hardnefs  from  10  to  16.  Its  fp.  gravity  ac- 
cording to  Briflbn,  4,416.  And  according  to 

*  4.  Lerr.pe  Magsz.  p.  99.     2  Bed.  Bcob.  p.  147. 
f  Briffon  p.  73. 

6    '  Mr. 
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Mr.  Klaproth,  4,615.  According  to  Werner, 
4,7.  2,  Bergm  Journ.  1790,  90. 

Heated  to  rednefs,  and  quenched  in  water,  it 
becomes  rifty,  and  troubled. 

According  to  Mr.  Geyer,  it  is  fcarcely  fufible, 
even  by  the  help  of  pure  air. 

It  is  infoiuble  in  acids,  except  by  particular 
management. 

By  the  analyfis  of  Mr.  Klaproth  *,  100  -parts 
of  it  contain,  31,5  filex,  5  of  ferruginous  nickel, 
and  68  of  a  new  earth. 


EIGHTHGENUS. 


Sydne'uu 

OF  this  no  fpecies  has  as  yet  been  found  5  nor 
has  it  been  detected  in  any  other  ftone. 


*  Briflbn,  p.  73. 
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NINTH    GENUS. 

•wmcfaJ 

Adamantine  Earth. 

'X    OJ     Hflw 

, ' 

ill  Species* 

Adamantine  Spar. 

THIS  earth  hath  hitherto  been  difcovered  only 
in  adamantine  fpar,  though  its  exiftence  may  be 
fufpedted  in  fome  felfpars. 

Of  this  flone  we  are  acquainted  with  three  va- 
rieties ;  the  firft  is  found  in  China ;  the  fe- 
cond  in  India,  near  Bombay,  and  there  called 
Corundum ;  and  the  third,  in  France. 


i  ft  Variety  *. 

.    ! 

Its  colour  is  grey,  with  various  lhades  of 
brown,  or  green. 

Its  form,  when  mod  regular,  is  that  of  an 
hexangular  prifm,  two  fides  large  and  four  fmall 
(BruTon),  without  any  pyramid.  Its  furface 
fomewhat  ftriated,  and  covered  with  a  thin  rind 
of  filver  white  mica,  with  here  and  there  particles 
of  red  felfpar,  and  fometimes  with  fulphur  py- 
rites. 


2  Berl.  JBeob.  p.  295. 

Its 
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Its  internal  luftre,  when  broken  crofsways,  o, 
or  i  j  diagonally,  3. 

Its  fracture,  more  or  lefs,  perfectly  foliaceous, 
and  fparry. 

In  thin  pieces,  and  at  the  edges,  femitranfpa- 
rent. 

Its  hardnefs,  i 5.  Others  fay  it  is  a  little  harder 
than  cryftal.  30  Roz.  p.  13.  Brittle. 

Its  fpecific  gravity,  according  to  Klaproth, 
3,710;  according  to Briflbn,  318732. 

Some  grains  of  cryftallized  magnetic  iron  are 
difleminated  through  it,  which  are  eafily  fepa- 
rated  by  a  magrcl  when  the  ftone  is  pulverized. 
They  amount  to  about  4  of  the  whole. 

It  is  infufible  in  a  porcelain  heat,  and  Mr. 
Lavoifier  found  it  fo  even  by  pure  air;  yet  Mr. 
Ehrman  allures  us,  he  melted  it  into  a  dark  brown 
button  fpotted  with  white  in  one  minute.  2  Chy. 
An.  1788,  p.  143. 


2d  Variety. 

This  differs  from  the  former  only  in  this,  that 
it  is  whiter,  its  texture  more  manifeftly  foliaceous ; 
and  that  the  ferruginous  particles  barely  adhere 
to  it,  and  are  not  difperfed  through  it. 


3d  Variety. 

This  was  found  by  Mr.  Morveau,  in  Poitou. 
Its  colour  reddifh  brown,  and  its  hardnefs  fuperior 
to  that  of  cryftals.  Its  fp.  gr.  was  4,183.  i 
Ann.  Chy.  p.  188.  Hence  he  prefumes  it  to  be 
adamantine  fpar. 

After 
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After  thcfe  we  may  perhaps  place  the  heavy 
felfpar  mentioned  by  Mr.  Briffon,  called  in  Rome 
Verde  di  Cor/ica  Duro;  its  colour  is  dead  white, 
with  large  blotches  of  green,  and  its  hardnefs 
extraordinary.  Its  fp.  gr.  3,105.  "And  another, 
mentioned  by  Mr.  Morveau,  found  in  Le  Ferez, 
of  great  hardnefs,  whofe  fpeciftc  gravity  was 
3,075  ;  but,  as  it  yielded  a  little  to  the  heat  of  a 
furnace,  it  is  probable  it  contained  feme  mixture 
of  common  felfpar. 


SEC 
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SECTION     XL 


Of  Aggregated  Stones. 

THESE  confift  of  either  grains  (angular 
mafles)  of  (tones  limply  compared  together,  and 
forming  either  uniform  or  flaty  mafles;  or  of 
ftones  of  one  or  more  fpecies,  inhering  in  another 
ftone,  which  may  be  confidered  as  their  bafis  or 
cement;  or  of  rounded  Hones  of  different  forts, 
adhering  to  or  inhering  in  fome  other;  or  of 
mafles  of  different  aggregates  inhering  or  adhe- 
ring to  each  other.  All  thefe,  though  lufceptible 
of  infinite  variety,-  might  at  leaft,  in  general  be 
diftinguifhed  by  appropriate  names,  if  a  claffifi- 
cation  were  now  for  the  firft  time  to  be  attempted  ; 
but  unhappily  various  combinations  have  already 
been  denoted  by  particular  names,  under  which 
they  are  now  known  by  mineralogical  writers  fo 
narrowed  and  retrained  in  their  Signification  as 
to  be  incapable  of  being  brought  under  general 
divifions ;  and  to  introduce  new  names  would 
produce  confi.-fion.  Hence,  \  mall  confine  my- 
ieif  to  the  explanation  of  the  denominations  al- 
ready in  ufe.  as  they  are  underftood  and  applied 
by  the  molt  exaft  writers  on  this  fubjec.\. 

Granite. 

This  name  in  the  ftricteft  fenfe  denotes  an  ag- 
gregate of  quartz,  felfpar.  and  mica ;  all  in  very 

variable 
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variable  proportions,  not  only  in  different,  but 
often  in  the  fame  mountain  ;  the  felfpar  generally 
amorphous,  feldom  cryftallized,  very  frequently 
in  the  greateft  proportion,  and  the  mica  in  the 
leaft. 

The  fize  of  the  grains  is  alfo  variable,  from 
that  of  a  pin's  head  to  that  of  two  or  three  feet ; 
but  this  laft  is  very  rare*,  2  Bergm.  Journ. 
1789,  932.  The  largeft  ufual  fize  is  that  of  a 
nut.  Some  are  fo  fmall  as  not  to  be  diftinguifhed 
without  a  fjrong  lens,  and  are  often  taken  for 
fimple  ftones.  See  Voight,  llmenatt  29. 

The  colour  of  granites  is  infinitely  diverfified  ; 
it  depends  chiefly  on  that  of  the  felfpar,  this 
being  generally  the  mod  copious  ingredient,  this 
is  generally  reddifh,  more  rarely  greenifh,  or 
bluiih,  or  greyifh;  the  mica  more  generally 
black,  more  rarely  yellowifh  or  grey ;  the  quartz 
commonly  greyifh  white. 

Granites  are  moft  commonly  very  hard  ;  fome, 
however,  inclining  to  disintegration  are  very 
brittle. 

The  felfpar  found  in  granite,  though  generally 
of  the  common  kind,  yet  may  be  of  the  forts  I 
have  called  petrilite  or  felfke. 

Hence  the  fp.  gr.  of  granite  is  variable,  from 
2,5388  the  loweft  I  have  met  with  to  2,9564, 
that  of  the  blue  granite  of  Carinthia,  which 
Briffon  tells  us  is  the  moft  beautiful  of  the  fpecies. 
Here  the  felfpar  is  blue,  and  moft  probably  the 
compadt  felfpar  of  Weidenman,  which  I  have 
called  Feljite.  But  the  moft  ufual  fp.  gr.  of  gra- 
nites is  from  2,56  to  2,66  or  2,76,  it  we  admit 
that  it  may  contain  a  frnall  proportion  of  Ihorl, 

*  Renovanz  7. 

Z  2  er 
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or  rather  hornblende,  which'  Briffon  conftantly 
mentions;  he  may,  however,  miftake  ferruginous 
or  black  mica  for  this.  That  of  the  red  JSigyp- 
tian  granites,  of  the  obelifks  of  Rome,  is  2,654, 
that  of  the  grey  2,7279. 

Steatites  is  alfo  fometimes  a  component  part  of 
granite ;  but  Mr.  Werner  deduces  it  with  great 
probability  from  the  decompohtion  of  mica. 
However,  Haepfner  fays,  it  is  fometimes  an  ei- 
fenttal  component  part.  4  Helvet.  Mag.  267. 

Porcelain  earth  is  alfo  fometimes  found  in  gra- 
nites, and  faid  to  arife  from  the  dccompofition  of 
felfpar;  but  as  this  earth  isinfufible,  but  common 
felfpars  on  the  contrary  very  fulible,  it  is  not  from 
theie,  but  moft  probably  from  continuous  feifpar, 
that  its  origin  muft  be  deduced. 

Shorl  (i  mean  true  prifmatic  fhorl)  is  alfo 
fomet'unes  found  in  granites,  but  only  cafualiy, 
that  is  to  fay,  not  as  a  conitant  ingredient  in  ex- 
tended malles  in  the  rock,  exce[)t  perhaps  in  a 
few  countries;  Werner,  Claffif.  §.  6.  Garnets 
have  alfo  been  found  in  it,  but  very  rarely.  Ibid. 
Alfo  (horlaceous  actinolyte,  and  chlorite.  4 
Helvet.  Mag.  266.  See  slfo  Henovanz  7. 

It  has  lately  been.obferved,  that,  when  granites 
are  traverfed  .by  considerable  veins  of  quartz  or 
fclfpar,  rubies  and  other  precious  Hones  are 
frequently  contained  in  thole  veins,  i  Chy.  An. 
iyy2,-  Voight  Prack.  Gebrig.  Kunde  §.  18. 

Mr.  Hacqnet  found,  that  granite  reduced  to 
powder  is  eafily  melted  into  a  whitiih  green  homo- 
geneous glafs.  Crell  Beytrag.  34. 

That  granite  may  be  produced,  at  this  day, 
from  the  sjgalutination  of  its  own  fand,  we  have 
an  evident  proof  in  the  mole  confirufted  in  the 
Oder  in  the  year  1722;  it  is  350  feet  in  length, 

54 
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54  in  height,  of  that  breadth  at  top,  and  144  at 
bottom ;  the  walls  were  made  of  blocks  of  granite, 
fattened  with  iron  cramps,  the  chinks  flopped 
with  mofs,  and  the  fpace  between  the  walls  filled 
with  granite  fand;  this  fand,  by  the  oozing  of 
the  water  impregnated  with  iron,  or  other  caufes, 
is  now  at  laft  rendered  fo  hard  and  compact  as  to 
prevent  any  more  water  from  traverfing  it,  and 
cannot  be  diftinguifned  from  natural  granite. 
Lafius,  Hartz*  91. 

Granites  feem  to  pafs  into  fandftone,  Lefke,  S. 
p67. 


Sienite. 

An  aggregate  of  quartz,  hornblende,  and  fel- 
fpar,  or  of  quartz,  felfpar,  hornblende,  and  mica, 
appears  to  Mr.  Werner  to  be  of  later  formation 
than  the  mere  aggregate,  of  which  hornblende  is 
not  a  constituent  part ;  hence  he  ditlinguifhed  it 
at  firflby  the  name  of  Grunftsn;  afterwards,  how- 
ever, he  found  the  name  of  Sienife  more  proper,  it 
having  been  already  ufed  by  Piiny  to  denote  a  fi- 
milar  fubftance;  and  Chevalier  Nspion,  having 
difcovered  in  Sweden  a  fubftance  which  corref- 
ponds  with  the  grunften  of  Cronfted,  Mr.  Wer- 
ner applied  this  term,  as  Cronfted  had  done. 

Mr.  Hacquet  found  fienire  fufible  into  a  black 
glafs  in  a  moderate  heat.  Crell  Beytr.  34. 

Sienite  in  ajlaly  form,  has  been  found  in  the 
Altaifchan  Mountains  -,  it  confided  of  fandy 
quartz,  hornblende,  and  felfpar.  Renovanz  5 
and  8. 

The  fienite,  Lefke  5.1063.  is  worthy  of  parti- 

£ular  attention;  its  colour  is  greenilli;  and  where 

Z.  3  decompofmg 
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decomposing,  whitifli,  and  yellowifh  grey,  it 
pieients  large  patches  of  brown  mica  with  fmall 
grains  of  white  quartz,  and  a  large  quantity  of 
greenilh  black  hornblende,  with  fome  lelfpar. 

The  quartz  is  generally  by  far  in  the  fmalleft 
proportion. 

The  granites  which  contain  hornblende  are  the 
hardeft.  Mem.  1773,  p.  824,  in  8vo.  They 
ihould  alfo  be  the  heavieft,  particularly  if  the 
hornblende  be  in  a  coniiderable  proportion. 


Granatine. 

the  aggregates  already  mentioned,  va- 
rious other  triple  compounds  have  been  diicovered 
in  Swiilerland,  by  the  indefatigable-  indutfry  of 
Mr.  Sauffure  and  Mr.  Kcepfner.  which  may  be 
denoted  by  the  name  of  Granatiies\  of  tneie  tLe 
follow  ins  are  the  mofl  remarkable  *  : 


Quartz 

Ifii  par 
Jade 

1  Quartz 
Felfpar 
Snorl 

Quartz 

FtHpar 
Garnets 

Quartz 
M~ca 
Shorl 

Quartz 
Mica 
jade 

Quarrz 
iVjiira 
Garnet 

Quartz 
Shorl 
Hornblende 

Quartz 
Sl.orl 
fade 

Quartz 
Shorl 

Garnet 

Quartz    • 
Hoinblendc 
Jade 

Qunriz 
hornblende 
Garnet 

Quanz 
Jacic 
Garnet 

Quartz 

ii'.>     b;  nr'e 
Hornrtone  f 

Felfpar 
M  ca 
Shorl 


Fc'fuar 

m  a 

Hornblende 


Felfpar 
Qua  tz 
Serpentine  J 


*  T  S.auff.  107.  ^-c. 

-j-  Renovnnz,  p.  5. 

J  5  Ber^m.  128. 

§  Renovanz,  5. 


Felfpar 
Quartz 
Steatites  §. 


i  Helvet.  Mag.  281. 
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The  fliorl  may  be  either  the  common,  or  tour- 
maline, or  fhorlaceous  actinolyte. 

Even  calcareous  fpar,  fluor,  zeolyte,  and  ba- 
rofelenite,  have  been  found  in  fome  granites  in 
Swifferland.  i  Chy.  An.  1788,  133.  Raiding. 
52.  See  alfo  Lefke's  Catalogue  G.  55,  and  8.528. 
And  2  Sauff.  407. 

According  to  Dolomieu,  feveral  ^Egyptian 
monuments  at  Rome  are  formed  of  black  trap, 
felfpar,  and  mica.  37  Roz.  195. 

The  aggiegate  of  quartz,  mica,  and  garnet,  is 
called  Norka,  or  Murkjlen,  by  Cronfted. 


Of  Binary  Aggregates 
of  the  Granitic  kind. 

Grunften,   Granitell. 

Binary  aggregates  of  quartz,  felfpar,  mica, 
fliorl,  hornblende,  &c.  are  called  by  Mr.  Hcepf- 
ner,  Simple  Granites.  Wallerius  beftowed  this 
name  on  the  aggregate  of  quartz  and  felfpar.  Mr. 
D'Aubenton  calls  the  aggregate  of  quartz  and 
fhorl,  or  of  quartz  and  hornblende,  GraniielL 
Mr.  Briflbn  by  this  term  underftands  the  aggre- 
gate of  felfpar  and  Ihorl.  To  avoid  all  ambiguity, 
I  would  propofe  to  denote  all  thefe  duplicates  in 
general  by  the  nume  granitell;  fpecifying,  when 
neceflary,  the  peculiar  conftituent  parts  of  each. 

Mr.  Werner,  and  his  fchool,  at  prefent  denote 

only  the  aggregate  of  hornblende  and  felfpar,  or 

mica,  by  the  name  of  Grunften,  as  Cronfted  had 

done  before.     Werner  uberdie  Gange,  79..   It 
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were  not  aniifs  that  every  other  combination,  not 
merely  accidental,  but  of  which  mountains  or 
large  traces  actually  confift,  were  alfo  diftinguilhed 
by  a  peculiar  name. 

The  granitells   hitherto  noticed  by  SauffurCj 
Hocpfner,  and  Haidinger,  are, 


Quartz  I  Quartz  I  Quartz  I  Quart  I  Quartz 

Fellpar  |  Mica     j  Shorl      |  Hornblende  j  Jade         Garnet 

Quartz 
Steatites  * 

Felfpar  I  Felfpar  |  Felfpar          I  Felfpar  I  Felfpar 
Mica     J  Shorl     |  Hornblende  |  Jade      J  Garnet 

Mica  I  Mica  I  Mica  I  Mica 

Shorl  |  Hornblende  j  J.;de   |  Garnet 

Hornblende  j  Hornblende 
Jade  j  Garnet 

J.-'.de       J  Indurated  Steatites 
Garnet  j  bhoi!.     i  Saufl.  104. 

The  aggregate  of  quartz  and  mica,  is,  by  the 
Swedes  called  Stellftein,  whether  compact  or  flaty. 
Mr.  Werner,  when  it  is  fla'ty,  calls  it  GHmmer 
ScHsfcr,  that  is,  Slate  Mica,  or  Sbijiofe  Nicat  or 
Slaty  Mica;  when  compact,  it  may  perhaps  be 
proper  to  call  it  Stelljltin  ;  when  flaty,  'Shijlofe 
Mica.  When  its  coherence  is  moderate,  and  the 
mica  difperfed  through  its  fubftance,  it  has  often 
rhe  appearance  of  a  fandftone,  and  is  called  bv  the 
French  Muacecus  Grit,  or  primitive  micaceous 
land  (tone. 

Stellflein  is  found    either  grey,  green,  or    red; 

its  appearance  is  variable  according  to   the  pro- 

7  portion 
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portion  of  its  ingredients.     The  mica  often  runs 
jn  veins  or  (tripes ;  it  is  ufed  as  a  fire-ltone. 

The  ftone  called  Aventurine,  of  which  we  have 
already  fpoken,  may  be  conlidered  as  of  this 
fpecies. 

The  aggregate  of  felfpar  and  mica  is  called 
Rapaklvi,  its  colour  is  brown,  or  brownifn  red, 
it  moulders  by  expcfure  to  the  air,  but  that  is 
only  when  the  mica  exceeds ;  when  the  felfpar 
exceeds,  it  forms  a  durable  (tone  called  in  Italy 
Granitone.  Ferber  Italy,  118. 

The  aggregate  of  hornblende  and  mica  is  gene- 
rally dark  green,  and  hence  called  Grunjlein. 

In  fact,  however,  the  addition  of  mica  to  any 
ftone  cannot,  with  propriety,  entitle'  it  to  be 
placed  in  the  granitic  order;  as  mica  does  not 
form  a  grain,  but  attaches  itfeif  indifferently  to 
many  forts  of  (tones.  Thus  we  have  micaceous 
Jimeftones,  micaceous  'potftones,  micaceous  ar- 
gillit.es. 

The  aggregate  of  qrtarfz  andfteatitrs  is  called 
Saxum  molars  by  Wallerius;  its  colour  he  tells  usi 
is  grey,  green,  or  red.  Mr.  Mongez  tells  us.  it  is 
alio  found  in  Dauphine. 

"Mr.  D'Aubenton  calls  the  aggregate  of  quarts 
and 'filfpar ',  granatin. 

In  tome  aggregates  of  quartz  andfnorl^  flender 
capilliform  needles  pf  red  ihorl  traverfe  the 
quartz,  and  crofs  each  other  in  various  direc- 
tions. This  (lone  is  in  fome  efcirmtion,  and  is 
by  the  Germans  called  Hairjlone.  It  is  found  in 
Siberia. 


Granilite, 
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Granilitc. 
Granites  Indeterminatus  of  Hcepfner. 

Under  this  denomination,  we  may  comprehend 
all  granites  that  contain  more  than  three  conftitu- 
ent  parts. 

Of  this  fort  many  are  mentioned  by  Hcepfner, 
Sauffure,  Haidinger,  and  in  2  Chym.  Ann. 
1785,  22. 


Quartz 
Felfpar 
Mica 
Sborl 

Quartz 
Felfpar 
Mica 

Steatites 

Quartz 
Mica 
Short 
Garnet 

Quartz 
Fellpar 
Mica 
Garnet 

Quartz 
Barofelenitc 
Mica 
Shorl 

Qpartz 
Barofelenite 
Mica 
Hornblende. 

The  two  lafl  aggregates  were  found  forming  a 
whole  mountain  in  Swifferland,  by  Mr.  Hocpfner. 
i  Chy.  An.  1788,  134,  the  barofelenite  was.of 
a  flefti  red  colour. 


Gneifs*. 
Roche  feuilletee  of  Sauffure,  in  part. 

To  Mr.  Werner  we  are  indebted  for  a  precife 
defcription  of  this  ftone.  According  to  him  gneifs, 
like  granite,  confifts  of  quartz,  felfpar,  and  mica. 

*  Werner,  Kurze  Clafiification,  §.  S.     Bergm.  Kalendar, 

Of 
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Of  a  thick,  flaty,  continuous,  or  fibrous  texture, 
and  not  of  a  granular,  as  when  they  form  grs- 
nite.  And  hence  a  flaty  granite  is  not  on  that 
account  to  be  called  a  gneifs,  as  it  is  flill  gra- 
nular. 

In  gneifs  alfo  mica  is  in  the  fmalleft  propor- 
tion, and  felfpar  generally  is  nearly  an  equal  in 
proportion  with  the  quartz,  except  the  gneifs  ap- 
proaches to  granite,  tor  in  that  cafe  the  felfpar 
predominates,  as  does  the  quartz  when  gneifs 
pafles  into  foijttfe  mica.  If  the  gneifs  be  fplit  lon- 
gitudinally, the  mica  will  appear  in  the  largeft 
proportion,  becauie  the  layers  of  mica  are  the 
moft  fiffile.  Voight  §  20.  But,  if  broken  acrofs, 
it  will  appear  otherwife. 

The  felfpar  in  gneiis  is  oftf  T  decompofed  and 
pafles  into  clay,  and  the  mica  fometimes  into 
ite  ates,  particularly  near  veins. 

Garnets  are  often  found  in  gneifs,  but  of  no 
value;  fo  alfo  is  ihorl,  and  tourmaline;  and,  in 
Swifleiland,  alfo  Ihorlaceous  adtinolyte,  horn- 
blende, and  talc  Per  HcepTner.  4  Helv.  Mag. 
268.  Voight  Prack.Geb  §.  zo. 

The  iranfitions  of  gneifs  are  into  granites,  fliif- 
toie  naca,  and  fhiftofe  hornblende. 

The  hardnefs  of  gneifs  is  as  variable  as  that  of 
granite;  its  flaty  texture  is  often  only  perceptible 
to  the  eye,  for  it  retries  to  ip'it,  though  it  breaks 
more  ralily  in  that  direction  than  in  any  other, 
i  ."auff  114. 

The  quanz  grains  are  generally  more  b'unt  in 
gneifs  than  in  granite;  the  felfpar,  often  thin, 
and  flatted  in  the  direction  of  tne  laminx;  yet 
fomea-nes  thick,  and  placed  obliquely  to  their 
direftion.  The  mio  often  runs  in  veins  pirallel 
to  each  other.  bauiE  117,  The  plates  or  lammse 
3  are 
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are  often  of  unequal  thicknefs,  ftreight,  cr  varr 

oviily  bent. 

Wither.ed  gneifs  has  fojneticnes  the  appearance 
oj?  grev  fiaty  /soj-t.ar,  as  in  Le&e  O.  08;  or  of 
a  recldiib  and  yellowifli  mprtar  intermixed  with 
mica,  as  in  O.  371. 

Sometimes  it  abounds  To  much  in  hornblende, 
ps  to  reicnible  hornblende  Hate,  a§  jn  S.  768. 


f&ifofe  Mica. 

Glimser  Scbiefsr  of  Werner.     Roche  feuiiletee  of 
Sauilu.re  §.  160. 

This  confifts  o^qnartz  and  mica  more  pr  lefs 
intimately  mixed,  and  of  a  flaty  or  fhiftofe  tex- 
ture, itreight,  or  .curved,  it  contains  more  mica 
than  gneiis  does  ;  fometimcs  the  quartz  is  no£ 
diilinguii!>abic.  i  c!pu|}t  even,  whether  talc, 
rather  than  mica.,  be  not  often  one  of  its  conftitu- 
eni  parts.  Sometimes  the  quartz  and  mica  are 
found  flratified  with  each  other. 

Ic  frequently  contains  garnets  (and  then, 
as  the  compact  fort  already  mentioned,  is  called 
inurkfi^n)  and  according  to  Heidinger  aifo  fhori, 
aflinol)  re,  and  iappare. 

Sometimes  granular  limeftone  holds  the  place 
of  iju.iriz,  as  in  I..eike  S.  1520.  The  fpecimen 
3  c;  ;2  is  of  a  bluifh  grey  colour,  with  an  uneven 
frjuofe  ir.'.dure,  and,  worthy  of  particular  no- 
1:^.0;  it  a'iio  contains  granular  1'unedone. 

its  traiiiitions  are  into  gneifs,  nrgillite,  fliiftofe 
chlorite,  ^rd  porphyry, 

Sometimes  "it  is  fo  (H-compofed  asfcarcely  to  be 
diilinuifiicd  it>  colours  jtlke^iih  or  rcdclilh 


Porphyry. 

grey,  or  brown,  fome times  nearly  black,  bow1- 
cver  it  always  retains  itsfiffile  texture. 

Murkflein  is  remarkably  heavy.  See  Lefke 
S.  293. 

Wheri  the  mica  is  dark  blue,  or  lead  coloured, 
or  nearly  black,  this  (lone  much  refernbles  horn- 
blende ilate,  or  at  kaft  an  argillite  mixed  with 
hornblende;  but  the  foftnefs  of  the  mica,  and 
the  fpecific  gravity,  furficiently  diftinguiih  theai. 
See  Leike  G.  131. , 


Porphyry  *. 

Any  ftone  'which  in  a  filiceous  or  argillaceous 
ground,  or  b^fis,  contains  fcattered  fpecks,  grains, 
or  dots  of  felfpar,  viuble  to  the  naked  eye,  is  at 
prefent  denominated  a  porphyry.  But  with  felf- 
par it  may,  and  generally  does,  contain  quartz, 
hornblende,  and  mica;  thefe  inhering  ftones  are 
generally  of  a  different  colour  from  the  ground.; 
in  which,  as  in  a  cement,  they  are  it uck  and  cryf- 
tallized;  nay,  of  lare  this  name  has  been  given 
to  Hones  which  do  not  contain  felfpar,  atleatl  vi- 
fibly.  SeeLeike  G.  233,  236. 

I  do  not  fee  any  reafon  why  calcareous  or  mu- 
riatic ftones,  containing  felipar,  ihould  be  ex- 
cluded; hence  I  dillinguilh  four  forts  of  por- 
phyry, the  ji'.ic£otis>  argillaceous,  muriatic,  and 
Ctilcarebter*,  ;noft  of  which  may  be  compact,  or 
'Jhiftbfe*  or/:;/)-. 

The  felfpar  contained  in  porphyries  is  com- 
monly drfcipguiflied  by  its  oblong  quadrilateral 
lhape,  though  it  is  often  in  rounded  grains.  2. 

*  Kurz«  Claffif.  §.  i2. 

Chy. 
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Chy.  An.  1790,  16.  Very  frequently  it  is  dif- 
integrated  or  decompofed.  It  is  faid  to  differ 
in  hardnefs  and  fufibility  from  common  felfpar; 
thofe  moft  ufual  in  granites  pofleffing  thefe  pro- 
perties in  a  higher  degree  ;  it  may  therefore  be, 
if  grey,  the  labradore;  if  brownijl)  red,  the  petri- 
lite  ;  if  greenijh^  the  felfite ;  porphyries  containing 
large  cryftals  or  fragments  of  felfpar,  from  0,4 
to  0,9  of  an  inch,  are  by  the  French  called  fer- 
pentines;  their  bafis  is  fuppofed  to  be  ajafper, 
but  commonly,  I  believe,  it  will  be  found  to  be 
a  hornftone.  Briffon,  p.  126.  35  Rozier  128. 

The  fpecific  gravity  of  porphyries  is  necef- 
farily  different  with  the  nature  and  proportion  of 
their  bates. 

Of  Siliceous  Porphyries.     Lefkc  S.  1090. 

Siliceous  porphyries  have  either  jafper,  horn- 
ftone, pitchftone,  obfidian,  filiceous  fliiftus,  fhif- 
tofe  hornftone,  or  felfpar  itielf  for  their  bafis. 


Jafper  Porphyry. 

The  exigence  of  this  has  lately  been  called  in 
quedion.  Mr.  Werner,  expreffly  fays,  he  never 
met  any.  i  Bergm.  Journ.  1789,  600,  in  a  note. 
Mr.  Faujas,  from  the  great  fufibility  of  the  por- 
phyries, that  were  prefumed  to  have  jafper  for 
their  bafis,  thinks  that  it  muft  be  of  a  different 
nature,  This  point,  however,  is  not  yet  per- 
fectly afcertained;  fee  Lefke  G.  212.  ^and  2, 
Chy.  An.  1790,  19.  nor  perhaps  can,  in  par- 
ticular inftances,  without  examining  the  fufibility 

of  the  fpecimens  in  queftion. 

Hornftone 


Hornjione  Porphyry. 


Hornftone  Porphyry. 

Thefe  are  diftinguifhed  by  their  hardnefs,  and 
a  conchoidal  fine  fplintery  fracture,  their  flight 
tranfparency,  and  want  of  luftre ;  they  are  alfo 
not  difficultly  fufible ;  of  this  fort  is  the  porphyry, 
i  Sauff.  §.  150,  156,  and  157.  And  many  more 
in  Lefke  G.  p.  25,  &c. 

Sometimes  the  felfpar  is  decayed,  and  fome~ 
times  the  hornftone  alib,  while  the  quartz  and 
hornblende  remain  entire;  this  gives  the  whole  the 
appearance  of  indurated  volcanic  afties,  though 
the  quartz  might  prove  the  contrary;  if  the  felfpar 
alone  be  decayed,  the  hornilones  will  appear 
porous,  and  ma)r  be  taken  for  a  lava.  See  Lefke 
G.  p.  26,  &c.  Its  tranfitions  are  into  granite  and 
fandftone. 


Pitchftone  Porphyry.     Lelke  S.  1779. 

Its  colour,  black,  grey,  green,  red,  or  yel- 
low, of  various  (hades,  generally  many  colours 
at  once  in  the  fame  fpecimen.  Luftre,  greafy  2.1. 
Tranfparency,  2.1.  Fracture,  imperfectly  con- 
choidal. Hardnefs,  8,  9,  10.  The  felfpar  often 
blue.  See  Liebenroth  Beob^cht  42.  Of  this 
fee  a  remarkable  fpecimen,  Lefke  S.  950.  Its 
fcardnefs,  10.  Luftre,  i. 

Of  fome  the  fracture  is  flaty,  as  for  inftance, 
that  in  Lefke  S.  1779.  Its  colour,  yellowilh 
grey.  Luftre,  fcarcely  i.  Tranfparency,  i. 
Hardnefs,  fcarcely  9.  Sp.gr.  2,452. 

Obfidiaa 


35  2  Aggregates. 


Obfidian  Porphyry. 

Black,  or  greyilh  black.  Luftre  glaiTy,  g.f . 
Tranfparency,  o  or  i.  Fracture,  perfectly  con* 
cboidal.  Hardnels,  10. 


Horn  Porphyry. 

Porphyry  Sehiefer  of  Werner.     Lefke  S.  li;o> 
971*  973- 

This  has  filiceous  fhiflus,  or  hornflate  for  its 
bafis  ;  but,  as  other  porphyries  may  have  alfo  a 
flaiy  or  fhiftofe  texture,  Mr.  Nofe  juitiy  pro- 
pofes  to  diftinguifii  this  we  now  treat  of  by  the 
name  of  horn  porphyry.  2  Nofe  432.  It  fre- 
quently contains  hornblende  and  quartz  much 
more  apparently  than  felfpar. 

The  ground  is  generally  blnifh,  or  greenifh, 
and  the  felfpar  white,  and  often  exceeding  mi- 
nute; this  gives  the  whole  a  bluiili  or  greenifh 
grey  appearance,  fomctimes  alfoa  yellowiih  grey, 
;md  thcle  laft  lirongiy.  refemblc  \vacken  por- 
phyry. See..Lefke  S.  1015. 

Luilre,  i.  Tranfparency,  o  or  i.  Fradlurc 
uneven,  coarfe,  orfinefplintery ;  fcmetimcs  ten- 
cling  to  the  conchoid.al;  frequently  flaty  in  the 
grois. 

liardnefs,'9,  to.  - 

Ir  is  often  found  decompofed,  or  d integrated. 

The  grain  of  this  {lone  is  often  as  fine  and  clofc 
as  that  oi:  hornftone;  but  then  it  coes  not  give  fire 

with 
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with  that  fmartnefs,  that  hornftone  of  that  fine 
grain  does. 

It  pafles  into  argillite  and  trap. 

The  balis  of  the  horn-porphyry,  Lefke  S.  1041, 
feems  a  middle  thing,  between  iiliceous  fliiftus, 
and  argillite;  its  colour  bluifh  grey,  with  fome 
reddifli  and  whitifh  fpecks  \  fracture,  thin  flaty; 
hardnefs,  10;  furface  Ihews  a  whitiih  brown  cruft 
from  decompofition. 

Petunfe  Porphyry. 

Porphyry  that  has  felfpar  for  its  bafis  is  called 
by  this  name. 

Its  colour  is  generally  yellowifh  brown,  or  red* 
difh  brown,  or  brownifh  red,  or  reddifh  grey,  or 
ilefli  coloured,  or  yellowiih  red. 

Luftre,  o.  Tranfparency  o,  or  fcarcely  i. 
Fracture  unequal,  or  earthy,  or  fine  fplintery,  or 
prefenting  fmall  folia  or  lamella?,  often  prefeats 
diftinft  concretions.  Hardnefs,  10. 

The  rock,  mentioned  in  2  SaufT.  §.  728,  feems 
different,  being  much  more  fufible,.  See  Lelkc 
S.  1158. 

Of  Argillaceous  Porphyries. 

Thefe  may  have  indurated  clay,  hornblende, 
trap,  wacken,  mullen,  kragg,  or  argillite,  for 
their  bafis. 


Clay  Porphyry,  Lefke  S.  1094,  1096, 

Its  colour  is  generally  of  fome  (hade  of  grey, 
or  greeniih  grey,  or  brown,  01  blackifh,  or  red- 
difh  brown,  or  Ifubelia  yellow. 

A  a  Luilre, 
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Luftre,  and  tranfparency,  o;  fradture,  earthy? 
hardness,  from  5  to  7.  It  fometimes  adheres  u> 
the  tongue. 

Of  this  fione  is  the  me t allifercus  flonc  of  Born 
or  Grattftein  of  the  Germans,  fo  celebrated  irt 
Hungary;  its  colour  is  fome  lhade  of  green, 
moftly  dark,  even  inclining  to  black,  rarely  red- 
difh ;  it  confifts  of  indurated  clay,-  in  which 
hornblende,  felfpar,  mica,  and  quartz,  are  found, 
i  Bergm.  Journ.  1789,  606.  Kaid.  42.  Seethe 
fpecimen  Lefke  S.  289. 

This  porphyry  is  much  fubjec~r.  to  decay  ;  the 
felfpar  either  moulders,  or  lofes  its  luftre;  the 
hornblende  alfo;  and  the  whole  has  then  been 
often  miitaken  for  volcanic  traafs. 

The  reddifli  porphyry  of  the  Hartz,  mentioned 
by  Lafius,  whofe  fp.  gr.  is  fo  low  as  2,405,  is 
probably  of  this  fpecies.  Alfo  the  porphyry  of 
the  Pottchapel,  described  by  Mr.  Weifs,  6  Lem- 
pes  Magaz.  p.  52.  which  confifls  of  quartz,  fel- 
fpar, and  mica,  held  together  by  a  grey  clay,  and 
there  called  a  white  fandftone. 

The  Ifabella  yellow  clay-porphyry,  Lefke  S« 
1 221,  is  remarkable,  it  has  the  earthy  afpe£t  of 
a  marl.  Its  luftre,  and  tranfparency  o;  fracture, 
earthy;  hardnefs,  9;  fp.  gr.  2563.  At  148^ 
melts  into  a  greyifh  glazed  porcelain.  The  fel- 
fpar in  this  ftone  is  ochre  yellow,  and  eafily  dif- 
tinguifhed  while  the  (lone  is  undecayed,  but  it  is 
Very  fubjedt  to  moulder. 

Hornblende  Porphyry.     Ophites  of  Brifibn. 

Mafles  of  fienite,  in  which  the  hornblende 
abounds,  may  deferve  this  name.  The  colour  of 
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the  ban's  is  black,  or  greyifli  black,  or  dark  green, 
or  yellowifti  green  ;  the  fra&ure  ftriated,  or  foli- 
ated; Sp.  gr.  when  the  proportion  of  hornblende 
is  confiderable,  2,972. 


Trap   Porphyry. 

Its  colour  is  greyifh,  or  bluifh  black,  or  black- 
ifh,  or  reddifk  brown,  or  greeniih  grey;  luftre, 
and  tranfparency  o;  fracture,  earthy,  or  fine 
fplintery  ;  hardnefs,  from  7  to  9  ;  its  fp.  gr.  ex- 
ceeds 2,7. 

Of  this  fort  is  that  of  Montelimar,  defcribsd  by 
Faujas,  on  trap.  p.  130.  Sometimes  it  abounds 
fo  much  in  quartz  and  felfpar  as  to  have  its 
hardnefs  10.  See  Leike  S.  895. 


Wacken  Porphyry.     See  Leike  S.  894. 

Greeniih,  blackiih,  reddilh,  or  yeliowifh  grey, 
or  greyifh  black,  or  liver  brown. 

Luftre,  and  tranfparency,  o.  Hardnefs,  from 
6  to  9.  Fracture,  even,  earthy,  feldom  uneven. 
Feels  fomewhat  fandy. 


Mullen  Porphyry. 

Bluifligrey,  light  or  dark.  Luftre,  and  tranf- 
parency, o.  Fracture  uneven,  and  fine  fplintery, 
Hardnefs,  from  7  to  9.  Sp.  gr.  from  2,6  to  2,72.8. 
Of  this  fort  are  the  porphyries  mentioned,  2  Chy. 
An.  1790,  18. 

A  a  2  Kragg 
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Kragg  Porphyry.    See   Lelke   S.    1078,  IQ 
893,  and  941. 

Greyifh  red,  or  dark  purplifli  red.  Luftre,  and 
tranfparency,  o.  Exceedingly  porous. 

Fra&ure,  uneven  and  earthy.  Hardnefs,  from 
5  to  7.  Feels  rough  and  harfli;  gives  a  yellowifti 
grey,  or  reddilh  flreak. 

Jt  often  verges  to  fandftone. 


Argillitie  Porphyry. 

This  is  diftinguifliable  from  the  foregoing  not 
merely  by  its  flaty  frafture,  but  alfo  generally  by 
its  luftre ;  and  often  by  its  flight  tranfparenqy. 
It  is  found  in  the  Bobroulki  Mountains.  Reno- 
vanz  5. 


Novaculite  Porphyry. % 

Greenifh  grey,  or  greyilh  yellow.  Luilre,  o. 
Tranfparency,  i  1,5.  Fra&ure,  fine  fplintery, 
earthy,  or  flightly  conchoidal;  but,  in  the  grois, 
often  flaty.  Hardnefs,  from  7  to  8,  rarely  9. 

Feels  fornewhat  greafy. 


Muriatic  Porphyries. 

Thefe  have  either  potftone  or  ferpentine,  for 
their  bafis. 

3  Potefton? 
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Potftone  Porphyry. 

Greenifh,  reddifh,  or  yellowiih  grey,  or  fpecked 
with  red,  or  leek  green. 

Luftre,  2.  i.  Tranfparency,  i«  o.  Fracture 
undulatingly  foliated,;  the  folia  very  thin;  its 
hardnefs,  from  4  to  6.  Sp.  gr.  exceeds  2,7. 


Serpentine  Porphyry. 

Dark  or  olive  green,  or  greenifh  grey,  or  brown- 
ifh  red,  or  greyifh  blue,  or  yellowifh,  and  yel- 
iowifh  green. 

Luftre,  o.  Tranfparency,  i.o.  Fracture  fine 
fplintery,  often  paffing  to  the  uneven.  Hardnefs 
from  6  to  7.  Sp.  gr.  not  exceeding  2,7.  Feels 
rather  fofr.  Found  near  Florence. 


Granitic  Porphyry* 

When  porphyry  is  over-loaded  with  felfpar, 
it  is  often  difficult  to  fay  whether  it  be  a  granite, 
or  a  porphyry  which  hath  a  granitell  for  its  bafis. 
Thus  the  porphyry,  in  i  SaufT.  §.  154,  may  be 
confidered  either  as  a  granite,  fince  it  coniifts  of 
quartz,  fhorl,  and  felfpar,  or  as  a  porphyry,  as 
the  quartz  and  Ihorl  cryftals  are  very  minute, 
and  the  felfpar,  on  the  contrary,  is  eafily  and 
fully  diftinguifhable.  See  alfo  Leike  G.  45  and 
214;  and  35  Roz.  126. 

To  this  fort  we  may  alfo  annex  porphyries  of 

which  the  ground  makes  by  fax  the  fmalleft  part 
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as  that  defcribed  by  Herman.  2  Chy.  An.  1790, 
21,  and  which  he  calls  a  porphyrite.  It  confifts 
of  fmall  fparks  of  felfpar,  grains  of  quartz,  fplin- 
tcrs  of  hornblende,  and  fragments  of  fhorl  ce- 
mented together  by  a  fcarcely  difcernible  jafpi- 
dean  cement.  Its  Luilre,  o.  Fraduie,  fine 
fplintery.  Hardnefs,  9.  Tranfparency,  o.  Co- 
lour greyiih,  black,  or  red,  or  white.  Allo  Lefke 
S.  1090. 

Sandflone  Porphyry. 

The  yellowifh  grey  argillaceous  fandftone, 
which  contains  large  grains  of  felfpar  and  quartz. 
Lafius,  p.  158,  is  of  this  fpecies.  Sp.  gr.  2,564. 
It  readily  moulders  by  expofure  to  the  air. 

Of  Porphyries  with  a  derivative   bafts*     Lefke. 
S.  459. 

Derivative  (tones  (of  which  more  in  the  fequel) 
are  alfo  frequently  the  ground  of  porphyries,  of 
thi's  fort  is  the  earthy  hornjlcne  porphyry,  Lefke  3. 
459.  Colour,  dark  reddilh  brown.  Luftre,  o. 
Tranfparency,  fcarcely  I.  Frafture,  fine  fplin- 
tery. Fragments,  nearly  3.  Hardnefs,  9.  Sp. 
grav.  2,617.  Th?  felfpar  is  fcattered  fmall  and 
white. 

Amygdaloid, 
Mandelftein  of  Werner. 

By  this  name  I  underftand    any  flone,  of  the 

argillaceous  clafs,  which  contains  as  in  a  ground, 
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or  bafis,  rounded,  or  eliptic  mafies  of  calcedony, 
agate,  zeolite,  calcareous  fpar,  lithomarga,  ftea- 
tites,  green  earth,  often  alfo  garnets,  hornblendes, 
and  opal ;  with  fome  or  other  of  thefe,  though, 
very  rarely,  felfpar  has  alfo  been  found.  Leike 
0.314. 

This  bafis  is  generally  indurated  clay,  trap, 
wacken,  mullen,  kragg.  Sometimes  it  is  fo  de« 
compofed  as  to  referable  mortar,  as  in  Lefke  O. 
634,  1016;  the  fpecimen  S.  236,  is  a  kragg 
containing  olivin. 

Its  colour  is  grey,  or  blackiih,  or  greenifh,  or 
reddifh  grey,  or  brown,  or  brownifh  red,  reddifh 
brown,  or  pale,  or  mountain  green.  Luftre,  o. 
Tranfparency,  o. 

Fradture,  uneven,  or  fplintery,  or  conchoidal; 
often  earthy. 

Some  give  a  white,  fome  a  reddifh  ftreak. 

Hardnefs,  from  6  109.  Sp.  gr.  variable,  not 
only  from  the  difference  of  its  contents,  and  of  its 
balis,  but  alfo  from  the  ftate  of  integrity,  or  of 
difmtegration,  in  which  it  may  exift.  Some  I 
have  found  at  2,354,  as  that  in  Lefke  G.  300; 
fome  at  2,443,  as  tnat  i°  Lefke  G.  296.  The 
toad/lone  of  Uerbylhire  comes  under  this  denomi- 
nation. 

Lafius  remarks  of  that  found  in  the  Hartz,  that 
the  calcareous  concretions,  contained  in  it,  often 
wither  by  expofure  to  the  air;  and  then  the  bafis 
acquires  the  fallacious  appearance  of  a  lava.  The 
deeper  the  ftone  lies  in  the  earth,  the  larger  the 
cavities  it  contains.  Lafius,  Hartz  259.  The 
formation  of  the  various  concretions  found  in  it 
is  molt  ingeniously  explained  by  him.  Its  tranli- 
tiorfs  are  into  trap. 

A  a  4  Padding 


360 


Pudding  flone. 


Under  this  name  Mr.  Werner  comprehends  a 
collection  of  fmall  rounded  pebbles,  partly  of 
quartz,  partly  filiceous  fhiflus,  or  flints  bedded 
in  an  argillaceous  ground,  orinjafper,  or  quartz, 
or  even  in  fandftone.  According  to  Haidinger, 
Pudding  Hones  confifl  of  flints  of  various  colours, 
cemented  by  a  fubftance  of  the  fame  nature  ;  and, 
according  to  Sauffure,  this  name  is  applied  to  a 
collection  of  fmall  flints  compacted  together.  As 
this  name  was  invented  by  Englifh  Lapidaries, 
we  muft  apply  it  as  they  do;  and  they  certainly 
acknowledge  no  other  ground  or  cement  than  a 
filiceous,  or  ferruginous  as  hard  as  flint;  hence 
\ve  may  define  it  a  collection  of  rounded  pebbles, 
of  the  filiceous  genus,  cemented  by  a  fubftance  of 
the  fame  genus,  or  a  ferruginous  compound  of 
equal  hardnefs.  The  colour  of  the  cement  is 
whitifh,  oryellowifhgrey,  oryellowifh,  or  reddifh 
brown,  or  red,  or  brownifh  red  ;  its  fracture,  ge- 
nerally conchoidal. 

The  pebbles  are  of  various  fizes,  from  the  big- 
nefs  of  rape  feed  to  that  of  an  egg,  they  are  always 
rounded,  or  elliptical,  and  frequently  comprefled; 
the  finer  forts  take  a  fine  polilh,  the  coarfer  are 
ufed  for  mill-ftones. 

The  nature  of  the  ground,  and  its  fuperior 
hardnefs,  fufficiently  diftinguifh  this  aggregate 
from  amygdaloids  ;  befides  its  pebbles  are  always 
filiceous,  wher^'s  fpar,  &c.  is  found  in  amyg- 
daloids. 


Sandflones. 


Calcareous  Sandftones. 


Sandftones. 

Thefe  confift  of  grains,  not  exceeding  £.  of  an 
inch,  of  quartz,  flint,  hornfl.one,  iiliceous  Ihiflus, 
felfpar,  or  fometimes  mica  imbedded  in  a  calca- 
reous, argillaceous,  filiceous,  or  ferruginous  ce- 
ment; the  ferruginous  is  indeed  very  frequently 
intermixed  alfo  with  the  foregoing 

Sandftones  are  either  fine  grained,  or  coarfe 
grained,  and  of  various  degrees  of  coherence  and 
hardnefs,  moft  of  them  feel  rough  and  fandy,  the 
leaft  coherent  break  into  fand. 

Their  fracture  is  generally  earthy. 

Almoft  all  fand  (tones  abforb  water  in  various 
proportions,  from  -p1^-  to  ^T  of  their  weight ; 
as  appears  by  Mr.  Briflbn's  Experiments,  thofe 
ufed  for  filtering  abforb  TV  of  their  weight. 


Calcareous  Sandftones. 

Are  thofe  which  have  a  calcareous  earth  for 
their  bafis  or  cement,  and  this  earth  may  be  pure, 
or  nearly  fo,  or  marly,  ormarlitic;  both  may  be 
either  coarfe  grained,  or  fine  grained,  compad 
or  ilaty. 

Their  colour  is  generally  white  or  grey,  or  yel- 
lowiih  white,  or  ye!  owilh  grey,  or  brown,  or  red- 
difh  brown.  Their  furface  roug'i ;  fra&ure  earthy 
or  Haty.  Hardnefs,  from  6  to  7*  They  are  fre- 
quently burned  for  lime,  and  when  free  from  ar- 
gill  they  harden  when  expofed  to  the  air.  They 
are  often  fprinkled  over  with  mica. 

Thefe 
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Thefe  fandflones  have  been  found  cryflallized  in 
rhomboidal  tables  fuperimpofed  one  upon  the 
other,  and  thus  forming  afore  of  pyramid,  or  in 
rounded  mafles.  The  fandftone  of  Fontainbleau 
is  a  remarkable  fpecimen  of  this  kind,  its  colour 
is  grey  for  the  moft  part,  though  fome  yellowifh 
and  reddifti  are  found  from  a  fmall  contamination 
of  iron.  Hardnefs,  9.  Sp.  gr.  before  penetration 
with  water,  is  2,5739;  and  after  penetration, 
2,61 1 1.  It  contains  by  the  experiments  of  Mr. 
Lafone  62,5  per  ct.  filex,  and  37,5  mild  calx; 
he  remarked  that  it  gave  out  very  little  air  by 
heat.  The  Cos,  Quadrum,  of  Wallerius,  feems 
to  be  of  this  fort. 

Another  cryftallized  ftone  of  this  fort  was  found 
in  the  territory  of  Juliers,  its  colour  reddifh  grey, 
but  in  veiled  with  a  red  ochry  duft.  Its  fracture 
fmall  grained  foliated.  Sp.gr.  2,555.  Its  form 
quadrangular  and  tabular.  By  the  analyhs  of  Mr. 
Weftrumb,  it  contains  70  per  ct.  of  filex,  15  of 
mere  calx,  4  of  fixed  air,  and  10  of  calx  of  iron. 
2  Chy.  An.  1789,  31.  Here  if  is  remarkable 
that  the  calx  contained  nearly  more  by  the  one 
half  fixed  air  than  it  ufually  does. 

Baron  Born  mentions  a  flem-coloured  fpar 
vifibly  mixed  with  quartz,  whofe  fra&ure  prefents 
a  furface  concentrically  ftriated,  and  whofe  denfity 
is  confiderable  ;  it  effervefces  with  acids,  and 
gives  fire  with  fteel.  It  contains  manganeie,  to 
which  both  its  colour  and  denfity  are  owing.  3 1 
Roz.  22. 

Calcareous  marls  that  contain  lefs  than  33  per 
ct.  of  mild  calx,  the  remainder  being  either 
•wholly  filiceous,  or  at  leaft  containing  fo  little  ar- 
gill  as  not  to  form  a  brick  when  burned,  may  be 
annexed  to  this  clafs.  Of  this  fort  is  the  lignt 
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grey  marl  of  Dr.  Withering,  Phil.  Tranf.  1773, 
16 1,  No,  6.  It  contains  but  0,26  of  mild  calx, 
withers  by  expofure  to  the  air,  and  will  not  burn 
to  brick. 

Thofe  of  a  flaty  texture  generally  have  a  marl 
or  marlite  for  their  bafis,  their  colour  moft  fre- 
quently is  ifabella  yellow,  or  brown. 


Argillaceous  Sandftones. 

Thefe  have  argill  or  clay  for  their  ground  or 
bafis,  none  effervefce  with  acids,  fome  are  fufible 
and  fome  not.  Their  hardnefs  is  from  6  to  8, 
rarely  9.  They  are  ofren  fhot  through  with 
mica.  They  are  compact  or  flaty,  coarfe  or  fine 
prained. 

Of  the  coarfer  fort  are  formed  various  mill- 
Hones  confiding  of  minute  fragments  of  quartz, 
felfpar,  and  flints,  in  an  argillaceous  cement. 
Thefe  may  alfo  be  considered  as  porphyries,  fiU 
tring  (tones,  and  the  coarfer  whetflones. 

They  often  contain  imprcflions  of  marine  fhells. 
Sometimes  appear  cellular,  the  quartzy  particles 
having  fallen  out;  but  fometimes  they  contain 
nefts  of  porcelain  clay.  Baron  Born  mentions  4 
grit  of  this  kind  found  in  Bohemia,  whofe  grains 
were  oblong,  and  fo  interwoven,  as  to  be  in  feme 
degree  flexible  and  elaftic.  i  Raab.  403. 

The  green ifh  grey  often  referable  wacken.  Sec 
Lefke  S.  62. 

The  flaty  fandftones  of  this  fort  are  either  grey, 
or  yeHowifn  grey,  or  brown,  or  brownifh  red. 
Of  this  kind  is  the  red  fandftone,  called  Roths 
todt  iiegendes^  or  the  red  deadlier,  from  its  being 
found  under  ftrata  of  coal,  and  generally  denoting 
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that  under  it  no  more  coal  is  to  be  expected,  ft 
is  commonly  micaceous,  and  often  contains  lumps 
of  porphyry,  or  granite  imbedded  in  it. 

Siliceous  Sandflones. 

Thefe  in  a  filiceous  ground  may  comprehend 
grit  or  fands  of  a  calcareous  nature,  or  one  fpe- 
cies  of  the  filiceous  genus,  may  ferve  as  a  cement 
for  grains  of  a  different  fpecies  of  the  fame  ge- 
nus. Or  even  grains  of  the  fame  fpecies  flightly 
compacted  together  and  eafily  breaking  into  fand 
may  be  thus  denominated.  See  Lefke  S.  1773. 
Its  lull-re  and  tranfparency,  variable. 

Salindre  is  a  fandftone  of  this  kind,  confiding 
of  calcareous  grains  inferted  in  a  filiceous  ce- 
ment, of  which  Abbe  Sauvage  treats  in  Mem.  Par. 
1746. 

Mr.  Roflrr  mentions  a  fandftone  found  in  Bo- 
hemia, conhfting  of  grains  of  quartz  in  a  flinty 
cement,  i  Bergb.  357;  and  various  others  occur 
in  the  Cabinet  of  Leike  G.  783  &c.  and  i  Uaab. 
401,  &c, 

Thefe  fandftones  frequently  pafs  into  granite. 
See  Le/ke  S.  1079,  1080. 

Siliceous  fand  (tones,  when  the;  filiceous  matter 
is  much  debafed,  as  in  fome  earthy  quartz  or 
hornftone,  has  often  the  appearance  of  an  argil- 
laceous fandftone,  but  its  hardnefs  ofcen  ferves  to 
prevent  any  miftake.  Of  this  we  have  an  inftance 
in  Lefke  S.  1275  whofe  colour  is  yellowifh,  and 
reddifh  grey,  and  looks  like  mortar;  but  its 
is  10.  Luftre,  o. 
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Ferruginous  Sandftones. 

Their  colour  is  generally  of  a  deep  {hade  of 
red,  yellow,  or  brown,  or  greyilh  black ;  fome- 
times  they  exhibit  a  kind  of  network. 

The  agglutinating  power  of  moid  femi-oxyge- 
nated  calces  of  iron  has  been  well  afcertained.. 
Mr.  Edward  King  defcribes  a  ftony  concretion, 
found  enveloping  a  mafs  of  iron  long  buried  in 
the  fea.  Phil.  Tranf.  1779,  35.  And  Mr.  Gad 
informs  us  of  another,  difcovered  by  Mr.  Rinman-. 
Mem.  Stock.  1770.  He  alfo  fhews  by  his  owa 
experiments  that  calces. of  iron  much  oxygenated 
do  not  poffefs  this  power,  which  is  farther  con- 
firmed by  the  experiments  of  Dr.  Higgins,  in  his 
valuable  Treatife  on  Cements.  Hence  it  appears 
that  ftones,  whofe  cement  is  ferruginous,  are  lefs 
magnetic  after  torrefaclion  than  before.  Brugmar» 
93.  As  they  acquire,  inftead  of  lofing  air,  and 
as  moft  fpecies  of  (lone  contain  fome  proportion 
of  iron,  intimately  diffufed  through  their  whole 
mafs,  it  is  probable,  ift,  that  their  cohefion  ia 
many  inftances  proceeds  from  it.  ad,  That  their 
iron,  at  the  time  of  the  formation  of  ftones,  wa* 
in  a  femi-metallic  flate.  3d,  That  their  decom- 
pofition,  by  their  expofure  to  the  air,  proceeds 
from  its  oxygenation. 

Of  this  kind  is  the  ferruginous  fardftcne,  men- 
tioned by  Mr.  Stutz,  2  Bergbau  398,  it  afford- 
ed 19  per  ct.  of  iron. 

The  ferruginous  part  is  in  general  fomewhat 
mixed  with  argill. 
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Rubble  Stone. 
Grauwacke  of  Werner.     Ores  Gris  of  the  French* 

This  is  a  particular  kind  of  fandftone,  contain- 
ing not  only  grains  of  quartz,  filiceous  ihiftus,  or 
hornftone,  but  alfo  fcraps  of  blui(h  argillite  in  a 
clayey  cement,  and  of  this  there  is  often  no  more 
than  is  barely  fufficient  to  hold  the  grains  toge- 
ther, fometimes  with,  and  fometimes  without 
mica;  commonly  compact,  fometimes  flaty  in 
the  grofs. 

Its  colour  is  yellowifh,  "or  bluifli  grey,  or  dark 
reddilh  brown  mixed  xvith  grey. 

Fracture,  in  the  fniall,  fine  fplintery  or  earthy. 
Hardnefs,  from  7  to  9,  rarely  10.  Sp.  gr.  from 
2,64  to  2,685,  but  when  withered,  only  2,60  *. 
See  Leike  O.  1278,  and  S.  474,  607. 

Breccias. 

Thefe  are  either  fimple  or  compound;  fimple 
breccias  confiil  of  angular  fragments  of  ftones  of 
the  fame  genus,  agglutinated  or  compacted  toge- 
ther; or  of  ftones  of  one  fpecies  imbedded  in  a 
cement  of  the  fame  genus,  whether  the  fpecies  be 
different  or  nor, 

'1  hus  a  Calcareous  Breccia  confifts  of  fragments 
of  marbles,  of  different  colours,  held  together  by 
a  calcareous  cement.  This  is  often  (imply  called 

*  Lafius  mentions  fome  \vhofe  fpec.  grav.  is  3,457.  But 
the  3  fecius  an  error  of  the  prefs.  Hartz.  143. 
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a  Breccia,  as  the  term  was  originally  applied  only 
to  aggregates  of  this  fort. 

A  jafper  breccia^  confifts  of  jafpers  of  different 
colours,  ftuck  in  a  jafper  ground,  &c. 

Some  apply  the  term  breccia,  to  aggregates 
which  contain  rounded  fragments  as,  Gerhard, 
Cronfted,  and  Haidinger,  who  comprehend  pud- 
ding-Hones under  this  appellation. 

Compound  breccias  confift  of  fragments  of  ftones, 
or  aggregates  of  various  fpecies,  or  genera,  ftuck 
in  a  cement  of  a  different  genus ;  thus  trap  in 
which  fragments  of  granite  are  ftuck,  or  a  trap  in 
which  granite,  argillaceous  fhiftus,  and  limeftone 
fragments,  are  found,  form  breccias.  Faujas  'Trap 
p.  115.  Soalfo  \hzfandflor.ebreccia,  mentioned 
2  Crell.  Beytr.  63.  which  contains  argillite, 
quartz,  and  mica,  in  a  cement  of  fandftone.  Si- 
milar to  this  is  the  Nagel  Fluke  of  the  Swifs, 
formed  of  a  compacted  fand,  in  which  rounded 
maifes  of  quartz,  "or  flint  with  black,  green,  red- 
difh  brown,  or  grey  limeftone,  and  black  argil- 
lite  are  firmly  imbedded.  Ferb.  3  Briefe  Miner. 
Inhalt.  p.  5. 

Befide  thofe  aggregates  which  have  been  gene- 
rally noticed,  a  few  others  are  mentioned  by  lome 
fvftematic  authors  of  note,  which  deferve  parti- 
cular attention,  as  they  are  frequently  mentioned 
without  any  explanation. 

i  ft,  Anomalous  or  compound  grits.  Of  this  fort 
is  that  of  Julian  near  Geneva.  41  Roz.  99. 
Which  is  compofed  of  quartz,  felfpar,  mica,  ftea- 
tites,  and  ferruginous  calcareous  marls;  while 
inoift,  it  is  fofr,  but  when  dry  fufficiently  folid. 
When  heated  it  hardens,  by  reafon  of  the 
clay  and  fteatites  it  contains.  Houfes  are  buik 
of  it. 

2d, 
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ad,  Horn  rod,  kiefetfels,  or  "hornfeh  of  Hal. 
linger,  Saxum  filiceum  of  Brunich,  has  for  i 
ground  a  hornftone  bafis,  in  which  quartz,  or 
indurated  clay,  orlimeftone,  or  garnets,  are  found 
either  cryflallized  or  in  veins.  Its  fradure  is 
compact,  moftly  fphntery. 

gd,  Serpentine  rock,  ferpentinefels,  of  Haidin- 
ger  ;  it  is  formed  of  ferpentine,  in  which  quartz, 
mica,  limettone,  or  garnets  fingly,  or  collectively, 
are  found. 

4th,  Topaz  rock  of  Werner;  this  prefents  a 
compound  ot  topaz,  quartz,  Ihorl,  and  lithomarga, 
confufediy  compacted  together.  It  has  hitherto 
been  found  in  Saxony  only. 

5th,  Garnet  rock  of  Karften,  found  by  him 
near  Winneburgh  ;  it  cpnfifts  of  amorphous  gar- 
net, in  which  trap,  quartz,  calcareous  fpar,  and 
a  very  fmall  quantity  of  blackilh  brown  mica  are 
found. 

6th,  Steatltic  rock,  Sclneideflein  of  Haidinger, 
Telgslen  of  Cronfted  ;  it  confifts  of  indurated  ilea- 
tites  mixed  with  mica,  or  talc,  or  mica,  and 
felfpar  (and  then  forms  muriatic  porphyry)  or 
ihorl,  or  tourmaline. 

7th,  Variolites.  The  French  naturalifts  denote 
by  this  name  ftones  that  have  rounded  protube- 
rances, of  a  different  nature  from  the  common 
inais  of  the  ftone,  from  their  refemblance  to  va- 
riola. However,  it  is  applied  to  thofe  alfo  whofe 
protuberances  have  been  worn  off,  and  particu- 
larly tch-rxuancLed  Hones,  of  this  kind,  found  in 
the  beds  of  rivers. 

Variolites  of  Durance  confift  of  a  bafis,  of  a 
black  or  dark  green  colour,  called  by  the  French 
Short  en  majje,  probably  hornblende,  containing 
according  to  BrifTon,  grey  felfpar.  Its  hardnefs, 
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9  or  10.  Its  fp.  gr.  from  2,933  to  2,988.  Some 
native  filver  has  been  found  in  it.  It  is  evidently 
a  porphyry.  Briflbn  calls  it  Serpentine  ofDauphine. 

Variolites  of  Drae  have  trap  for  their  bafis,  or 
kragg,  or  mullen,  and  contain  rounded  mafles  of 
limeftone,  or  fteatites,  or  of  both. 

Still  many  aggregates  are  daily  met,  which 
cannot  be  arranged  under  any  general  denomi- 
nation now  in  ufe.  Hence  I  would  propofe  to 
call  them,  if  any  of  their  conftituent  parts  can  be 
conlidered  as  a  bafis  or  cement,  Porphyroids ;  if 
none  can  be  confidered  as  a  balis,  Granitoids. 


B  b  SEC- 
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SECTION    XIL 

Of  Mixed  Earths,  and  Derivative  Stonu. 
With  Supplemental  Obfervatioqs. 


,  refulting  from  the  union  of  earths,. 
or  lands,  are  called  mixed,  becaufe  the  ingredients 
united  are,  at  lead  for  the  moft  part,  vifibly 
diftincl,  and  may  in  great  meafure  be  mechani- 
cally feparated. 

Stones,  refulting  from  the  coalition  of  ftones  of 
different  fpecies,  are  called  derivatives ;  they  dif- 
fer from  aggregates  in  this,  that  the  affociated 
ingredients  are  not  vifibly  diftinft,  or,  at  leaft, 
require  microfcopes  to  render  them  fo.  The  co- 
alefcingy?0»£.?  may  differ  either  by  their  ingredients, 
when  both  are  compofed  of  many,  or  by  the  pro- 
portion of  fome  ingredient  or  ingredients  com- 
mon to  both  fpecies. 

If  the  coalefcing  fpecies  differ  by  one  or  more 
ingredients,  the  coalition  is  formed  by  the  addition 
of  thefe,  or  fome  of  them,  to  the  fpecies  that  had 
them  not,  or  by  their  fubtraction  from  the  fpecies 
that  had  them. 

So  alfo,  if  the  coalefcing  fpecies  differ  in  the 
propo  tion  of  their  ingredients,  the  coalition  is 
formed  by  augmenting  that  proportion  in  the  one, 
and'leflening  it  jn  the  other. 

In 
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In  either  cafe  the  refulting  derivative  ftone  is 
denominated  from  the  fpecies  that  ftill  predomi- 
nates; if  it  participates  equally  of  both  it  may  be 
denominated  from  either. 

Though  this  term  be  originally  and  moft  pro- 
perly applied  to  ftones  that  are  intermediate  be- 
tween, and  form  the  tranfition  or  gradation  of  one 
fpecies  to  another,  yet  we  may  alfo  apply  it  to 
ftones  which  receive  a  fuperabundance  of  one  of 
the  fimple  earths,  or  calx  of  iron ;  or  even  of  ano- 
ther compound  ftone,  without  any  connection  of 
vicinity  with  ftones  of  another  fpecies  which  con- 
tain it  in  a  larger  proportion. 

The  fimple  earths  that  moft  generally  coalefce 
with  other  ftones  are  filex  and  argill,  to  which 
we  may  add  calx  of  iron.  Calcareous  earth  and 
magnefia  coalefce  more  rarely  ;  but  mica  or  talc, 
very  often. 

Derivative  ftones  are  exceeding  common,  and 
if  their  origin  be  not  attended  to,  may  exceedingly 
perplex  young  mineralogifts.  They  are  known 
and  diftinguiihed  by  their  mixed  characters,  par- 
ticipating of  thofe  fpecies  from  whofe  union  they 
refult.  Moft  of  the  disjunctive  characters  that 
occur  in  the  defcription  of  the  original  fpeciej 
proceed  from  unnoticed  coalitions.  But  if  a  cha- 
racter be  perceived  that  is  not  found  in  either  of 
the  fuppofed  originals,  the  flone  cannot  be  deemed 
a  derivative. 


Of  Mixed  Earths. 

•!•  •  ^> 

The  only   mixed   earths,  to   which   peculiar 
names  have  been  affigned,  are  loam  and  mould. 

B  b  2  Loam, 
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Loam,  according  to  Mr.  Woodward,  confifts 
of  clay,  mixed  with  fine  fand,  that  is,  in  other 
words,  of  clay,  with  a  fuperabundance  of  fand  *; 
and  in  effect,  Mr.  Bergman,  having  analyzed 
fome  found  in  the  neighbourhood  of  London, 
and  confidered  as  very  excellent,  found  it  to  con- 
fift  of  87  perct.  of  a  reddilh  grey  fand,  as  fine  as 
meal,  and  13  of  argill.  Now  if  we  fuppofe  clay 
Jo  confift,  as  it  moft  frequently  does,  of  30  per 
ct.  of  argill,  and  70  of  fine  fand,  we  fiiall  find 
that  loam  of  the  heft  kind  contains  an  excefs  of 
fand  amounting  to  17  per  ct;  if  the  excefs  of 
fand  be  greater  it  will  form  what  is  called  &  fandy 
loam ;  if  fmaller  clayey  loam. 

Mr.  Bergman  found  nothing  calcareous  in  the 
loam  ;  when  it  contains  any,  it  fo  far  inclines  to 
the  nature  of  marl,  and  this  marlaceous  loam  may 
be  either  fandy  or  clayey^  according  as  the  pro- 
portion above  indicated  is  exceeded  on  either 
fide ;  of  fandy  loam,  fee  a  fpecimen  in  Lefke  S. 
1061.  But  loams  moft  frequently  contain  alfo 
a  portion  of  calx  of  iron,  and  this  calx  is  more  or 
lefs  oxygenated,  a  circumftance  which  produces 
a  confiderable  variety  in  the  colours,  and  proba- 
bly alfo  in  the  vegetative  powers  of  this  earth  ;  if 
its  proportion  be  confiderable,  namely,  4  or  5 
per  ct.  they  often  contain  alfo  fome  proportion  of 
vitriolic  acid;  the  colour  of  loam  frequently 
proceeds  from  that  of  the  calces  of  iron  contained 
in  it,  but  more  frequently  from  its  fandy  part. 

Gravel,  is  a  coarfer  fort  of  fand,  either  of  a 
calcareous  or  filiceous  nature,  is  often  mixed 
with  loams,  and  alfo  pebbles,  from  whence  new 
distinctions  arife  of  importance  to  agriculture. 

*  Being  derived  from  the  German  word  Lelme;  it  figni- 
£ed  in  aucient  times  a  vifcid  earth.  See  Johnfon's  Dictionary. 

Moulds- 
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Moulds  are  loams  mixed  with  animal  and 
vegetable  remains,  particularly  from  putrefaction; 
generally  of  a  black,  brown,  yellowifh,  or  greyiili 
brown  colour;  the  proportion  of  thefe  is  highly 
interefting  to  agriculture;  it  can  be  pretty  nearly 
determined  by  comparing  their  weight  when  dried 
at  140°  of  Fahr.  with  that  which  they  lofe  by  be- 
ing heated  to  rednefs  in  an  open  fire,  continued  as 
long  as  any  coaly  fubftance  remains  in  them  ;  yet 
not  exactly,  without  fome  nicer  operations,  as  the 
animal  earths  will  flill  remain  undetermined,  and 
alfo  the  vegetable  aihes, 

Of  the  Calcareous  Genus. 

Limejlcms  are  frequently  intimately  mixed 
not  only  with  filiceous  particles,  and  calces 
iron,  as  we  have  already  feen  ;  but  alfo  with  ar- 
gillite  in  various  marbles,  fee  Lejke  0.328. 
When  mixed  with  filiceous  particles  in  confidera- 
ble  proportion,  they  effervefce  with  acids,  but 
flightly,  and  flowly,  and  their  fracture  tends  to 
the  conchoidal,  but  often  alfo  to  the  earthy;  of 
this  we  have  a  remarkable  inftance  in  Lefke  S. 
229.  Its  luftre,  o.  Hardnefs,  fcarcely  9.  Frag- 
ments, 3  ;  which  indicates  the  filiceous  ingredi- 
ent. Its  fp.  gr.  only  2,254,  which  fhews  it  to 
be  of  the  nature  of  fandftone.  Heated  to  141% 
it  did  not  form  a  lime,  nor  did  it  melt.  When 
the  limeftone  is  of  the  granular  kind  it  has  more 
luftre  and  is  much  heavier,  fee  Lefke  S.  1098. 
But  when  the  particles  of  filex  are  in  a  fmaller 
proportion,  or  not  purely  filiceous,  the  limeftone 
prefents  a  different  appearance;  thus  the  lime- 
ftone, Lefke  S.  1769,  feems  as  if  paffing  into 
hornrtone,  and  is  of  a  yellowifh  grey  colour.  Luftre, 
p.  Tranfparency,  i.  Fraclure  fine  Iplintery. 
B  b  3  Fragments, 
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Fragments,  I.  Hardnefs,  9.  Sp.  gr.  2,640.  It 
effervefces  brifkly  with  acids,  but  melts  into  a 
greernfh  grey  compact  enamel. 

Effervefcencc  with  acids  is  not  therefore 
a  fufficient  proof  that  a  Hone  will  burn  to  lime; 
thus  the  dark  bluifh  grey  ftone,  Leike  O.  1229, 
whofe  luftre  is  c;  tranfparency,  o;  fracture, 
uneven  and  fplintery  ;  fragments,  2 ;  fpecific 
grav.  2,740 ;  hardnefs,  9.  and  which  contains 
the  impreffions  of  various  (hells,  and  effervefces 
Very  brifkiy  with  acids,  yet  melts  into  a  black 
compact  glafs.  It  has  an  earthy  fmell  when 
breathed  on. 

Calces  of  iron  in  a  particular  ftate,  not  as  yet 
perfectly  known,  v perhaps  highly  oxygenated,  or 
combined  with  argiil),  rot  only  communicate  a 
yellowim  or  reddilh  colour  to  limeftones,  but  feem 
to  corrode  tnem ;  of  this  we  have  one  inftancein 
in  the  fpecimen,  I.elke  S.  1324.  Its  colour  is 
reddilh  ifabella  yellow;  luftre,  o;  tranfparency, 
O;  fraclure,  earthy,  hardnefs,  7;  fp.  gr.  2,601; 
gives  a  white  flreak,  at  141°,  it  hardens  into  a 
purpliih  red  porcelain  mafs,  and  where  in  contaft 
with  the  crucible  becomes  greenim.  The  por- 
celain gives  fire  with  fteel.  As  the  {lone  is  fo 
light,  notwithftanding  the  quantity  of  iron  it  con- 
tains, it  is  plain  it  muft  be  internally  corroded. 
Seealfo  LcfkeS,  1325. 

Spars ,'tvtv\  flightly  contaminated  with  metallic 
fubftances,  aie  much  altered  in  their  appearance, 
and  acquire  a  more  granular  texture;  thus  the 
fpar,  Lefke  0.1425,  from  a  flight  contamination 
of  lead  and  pyrites,  acquires  an  earthy  uneven 
fraclurej  its  colour  is  greyifh  white;  its  luftre, 
o;  its  tranfparency,  where  thin,  2;  fp.  gr, 
2,8225  hardnefs,  9;  effervefces  with  acids. 

Mads 
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Marls  alfo  are  much  difguifed  by  iron;  the 
fpecimen,  Lefke  S.  453,  is  dark  reddilh  brown, 
and  reddifh  black ;  luftre,  o ;  tranfparency,  o ; 
fraclure,  partly  even,  partly  fplintery ;  frag- 
ments, o  or  i  ,  hardnefs,  from  7  to  8 ;  fp.gr. 
3,398  ;  gives  a  red  ftreak;  effervefces  with  acids. 

Gypfum  is  frequently  penetrated  with  marl,  cal- 
careous fpar,  fwineftone,  fandftone,  and  perhaps 
with  ftronthian,  &c.  thefe  mixtures  caufe  a  change 
both  in  its  hardnefs  and  fpecific  gravity ;  its  co- 
lour is  then  either  blackiih  grey,  or  a  mixture  of 
whitifh  and  blackilh  grey  in  layers  or  fpots  and 
veins;  luftre,  either  o  or  i,  from  Snterfperfed 
ihining  particles;  fee  the  fpecimens  in  Leike  O. 
1589  and  8.510-,  and  this  compound  is  itfelf 
often  mixed  with  foliated  gypfum,  which  may 
^afily  be  taken  for  mica,  as  in  the  fpecimen,  S. 
621. 

All  the  varieties  of  gypfum  are  often  met  in 
veins  in  indurated  clay.  See  Leike  S.  250,  &c. 

Sometimes  this  impure  gypfum  affumes  a.flaty 
form  ;  and  this  often  contains  an  excefs  of  vitriolic 
acid,  as  the  fpecimen  Leike  S.  259,  which  is  in- 
ternally black,  and  externally  dark  bluiih  grey ; 
its  hardnefs,  7  ;  fp.  gr.  2,473  J  heated  to  rednefs 
it  becomes  reddifli  white. 

The  fpecimen  O.  1552  is  very  remarkable;  its 
colour,  pure  white;  luftre,  2.3;  tranfparency,  2; 
frafture,  partly  granular,  partly  foliated;  hard- 
nefs, 8  ;  fp.  gr,  2,725.  It  feems  a  mixture  of 
granular  limeilone  and  foliated  gypfum. 


B  b  4  Muriatic 
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Muriatic  Genus. 

Potftone  is  often  intermixed  with  quartz,  or 
fome  other  (tone  of  the  filiceous  genus ;  of  this 
fort  is  the  fpecimen,  Lelke  S.  148,  and  often  with 
quartz  and  mica,  as  in  O,  195.  Colour  of  the 
firft,  light  bluifti  grey,  mixed  with  yellow;  luftre, 
2;  tranfparency,  2.1;  fracture,  coarfe  fplintery, 
fomewhat  flaty^;  fragments,  3  ;  hardnefs,  9 ;  fp. 
gr.  2,748.  Perhaps  alfothis  ftone  is  rather  an  in- 
durated fleadtes,  penetrated  with  filiceous  mat- 
ter,  heated  to  rednefs  it  becomes  brownifh  white, 
inclining  to  red.  The  colour  of  the  fecond  is 
greenifh  grey,  enlivened  by  a  quantity  of  tale 
or  mica. 


Siliciferous  Potftone. 

The  fpecimen,  Lefke  0. 1 158,  is  bluifli  black, 
mixed  with  white ;  its  luftre,  2 ;  tranfparency, 
o ;  its  fracture,  uneven,  partly  fplintery,  partly 
imperfectly  curved  flaty ;  hardnefs,  9 ;  fp.  gr. 
2,759.  The  quartz  in  many  parts  vifible  in  the 
veins.  It  is  much  more  imperfectly  flaty  thaa 
argillites  are;  its  grain  and  luftre  approaching 
more  to  thofe  of  plumbago. 

In  Lefke  S.  342,  a  greyifh  green  ftone  occurs, 
covered  with  a  whitifli  earth,  that  feems  formed  of 
Jleatites,  intimately  penetrated  with  argill  and 
fome  talc;  its  luftre  and  tranfparency,  o;  hard- 
nefs, 6;  fp.  gr.  inconfiderable;  does  not  feel 
greafy ;  its  fracture,  fine  fplintery,  and  imper- 
fectly flaty  j  heated  to  rednefs  it  hardened  to  93 
4  and 
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»nd  difcovered  fome  glimmering  particles;  it  does 
not  effervefce  with  acids. 

Steatites  is  much  difguifed ;  when  penetrated 
by  calces  of  iron  it  generally  aiTumes  a  bluifh  colour, 
increafes  in  weight,  but  is  never  fo  hard  as  argil- 
laceous ftones  become  by  a  fimilar  mixture,  bee 
the  fpecimen  in  Lefke  S.  882,  vvhofe  hardnefs  is 
6,  and  gives  a  whitilh  ftreak. 

Cakiferou,  ajbefiinite,  Lefke  O.  626.  Its  co-. 
lour  is  partly  greyifh,  partly  greenifh  white, 
fometimes  mixed  with  fhades  of  pale  red  ;  its  luf- 
tre,  2.3;  tranfparency,  2,  in  thin  pieces;  form 
amorphous  ;  fradture,  partly  granularly  foliated, 
partly  radiated  ;  hardnefs,-  5.6,  brittle;  fp.  gr. 
2,863;  effervefces  partially  with  acids ,  melts  at 
146°  into  a  yellowifh  green  glafs.  Karften  and 
Lefke  term  it  a  zeolite;  but  its  fp.gr.  and  vitre- 
fcence  forbid  this  denomination. 

Serpentine  is  fometimes  intimately  intermixed 
with  hornblende,  and  thus  becomes  almoft  black, 
increafes  in  fpec.  grav.  and  discovers  fomewhat  of 
a  foliated  or  flriated  fracture.  See  the  fpecimen 
Lefke  O.  1041. 

Serpentine  is  alfo  fometimes  penetrated  with 
trap,  and  in  that  cafe  alfo  its  colour  is  black,  and 
its  fradture  fplintery.  Of  this  fort  is  the  fpe- 
cimen Lelke  S.  864.  It  is  full  of  feparate  con- 
cretions, lighter  than  genuine  trap,  and  lefs  fu* 
fibie, 


In  the  Argillaceous  Genus. 

-  Trap  is  frequently  blended,  or  intimately  mixed 
with  hornblende  flate,  wacken,  mullen,  or  kragg, 
finely,  or  with  two  or  more  of  them  in  various 

proportions. 
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proportions,  and  hence  the  variety  of  its  colou$ 
and  fpecific  gravity  often  arifes. 

The  greener  forts,  if  they  have  more  luftre  than 
ordinary,  and  if  their  denfity  exceeds  2,8,  may 
be  fuppoied  to  contain  a  large  proportion  of  horn- 
blende (late;  but,  if  deftitute  of  luftre,  and  if 
their  denfity  be  below  2,78  and  eafily  fufible,  they 
probably  contain  a  proportion  of  waiken  ;  if  more 
difficultly  fufible,  mofl  probably  ferpcntine. 

The  light  grey  traps,  when  their  denfity  is  un- 
der 2,78,  may  be  fufped:ed  to  contain  mullen. 

The  reddijh  brown  mod  probably  are  mixed 
with  kragg. 

Mr.  Karflen  fuppofes  trap  to  be  formed  of  an 
intimate  mixture  of  hornblende,  quartz,  and 
felfpar  ;  and  in  effed:  if  we  fuppofe  it  formed  0,60 
hornblende,  0,30  quartz,  and  0,10  fellpar,  \ve 
ihall  have  a  ftone  whofe  fp.  gr.  {hall  be  2,829; 
but  this  ftcne  will  not  contain  the  proportion  of 
iron  that  Bergman  found  in  trap,  and  which,  by 
the  various  analyfes  mentioned  by  Mr.  Faujas  in 
his  Treatife  on  Traps,  appears  to  be  never  lefs 
than  20  per  ct.;  for,  hornblende,  by  my  analyfis 
contains  23  perct.  of  iron,  and  by  Mr.Wiegleb's 
ftill  lefs;  confequemly  a  ftone  containing  60  parts 
cf  it  can  contain  but  13,8  of  iron  at  moft,  nor 
can  we  obtain  by  this  means  a  ftone  whofe  fp.  gr. 
amounts  to  2,98,  as  that  of  trap  often  does. 


Siliciferous  Trap.    Lefkc  G.  173. 

This  arifes  from  an  intimate  mixture  of  trapi 
with  feme  ftone  of  the  filiceoiis  genus.     The  fpe- 

cimea 
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in  Lefke  S.  1230  prefents   the  following 
characters : 

Colour,  blackifh  grey,  or  dark  iron  grey,  with, 
numerous  rounded  white  fpecks  as  fmall  as  the 
point  of  a  pin ;  it  is  moreover  full  of  rifts,  and 
thefe  exhibit  a  bluilh,  or  reddilh  ferruginous 
ilimition. 

Luff  re,   10.     Tranfparency,  0,5.1. 

Fracture,  uneven,  fine  fplintery.  Fragments,  3. 

Hardnefs,    10.     Sp.  gr.  2,668. 

At  '40°,  tt  melts  into  a  whitifh  grey,  ex- 
ceeding porous,  fpongy,  tumified,  porcelain 
mats  Blazed  on  the  furface. 

Mr.  Karften  thinks  it  a  compound  of  trap  and 
lydian,  but  the  effeft  produced  by  heat  does  not 
countenance  this  fuppofition.  I  call  it  filicifc- 
rous.  merely  from  its  external  characters;  it  has  a 
clofer  and  more  flinty  grain  than  trap. 

It  ieems  to  be  the  hornartiger  trap  of  Lafius 
No.  27,  which  is  fpeckled  as  this  is,  and  whofe 
fp.  gr.  isalfo  2.680, 

Of  this  mixture  there  are  various  gradations. 
The  changes  it  undergoes  from  heat  clearly  difcri- 
minaie  it  from  hornftone,  into  which,  however, 
I  believe,  it  often  pafles  on  the  one  hand,  as  it 
rhay  to  common  trap  on  the  other. 
•  Another  fpecimen  of  this  fort  occurs  in  Lefke 
S.  1232,  in  which  the  grey  and  black  parts  are 
more  dillinctly  feparated  from  each  other,  it  is 
covered  with  a  yellowifh  grey  rind. 

The  luftre  of  the  grey  part  is  j,  from  a  few  in- 
terfperfed  glimmering  particles;  of  the  black 
part  o.  Fracture  of  the  grey,  uneven,  and 
partly  fine  fplintery;  of  the  black  imperfeftly 
conchoidal. 

Hardnefs  of  the  black  8,  of  the  grey  9  to  10. 
SP-  gr-  2,705. 

At 
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At  130°,  this  ftone  melted  into  a  black  compact, 
and  partly  into  a  porous  dark  greenilh  yellow 
enamel. 


Trap  intimately  mixed  with  Kragg, 

Of  this  Lefke  S.  1223  feems  a  fpecimen. 

Colour,  greyifh  black,  yet  with  a  fhade  of  red, 
and  externally  it  is  invefled  with  a  whitilh  grey 
rind  from  decompofition. 

Luflre,  o.     Tranfparency,  o. 

Frafture,  uneven,  and  fine  fplintery.  Frag- 
ments from  2  to  3. 

Hardnefs  from  8  to  9.     Sp.  gr.  2,728. 

At  148°,  it  melted  into  a  fomewhat  porous, 
liver  brown  porcelain  mafs,  whofe  luftre  ap- 
proached to  that  of  an  enamel. 

Hence  it  is  plainly  a  diflindt  fofl]l  from  com- 
mon trap. 


Trap  intimately  mixed  with  Hornblende. 

Of  this  fort  is  the  fpecimen  Lefke  G.  264. 

Colour,  bluifh  or  greenilh  black.  Luftre  r 
from  fome  glimmering  particles.  Tranfparency, 
o.  Fra&ure,  fine  fplintery.  Fragments,  3. 

Hardnefs,  9.     Sp.gr.  3,472. 

It  contains  fome  grains  of  magnetic  ironftone, 
which  raifes  its  fp.  gr.  fohigh. 

Lafius,  Hartz,  mentions  a  trap  of  a  dufky  green 
colour,  which  does  not  give  fire  with  fteel  j  is 
fprinkled  over  vviih  black  fpots,  offers  an  uneven 
fracture,  and  whofe  fp.  gr.  is  2,850;  moft  pro- 
bably mixed  with  hornblende. 

Trap 
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Trap  intimately  mixed  with  Serpentine. 

Lommer  is  faid  to  have  found  a  ftone  of  this 
fort ;  but  I  can  find  no  defcription  of  it. 

Siliciferous  Argillite.    LelkeG.  153. 

This  with  the  appearance  of  an  argillite  feems 
at  the  fame  time  intimately  penetrated  with  fome 
Hone  of  the  iiliceous  genus;  generally  filiceous 
ihiftus,  orfand,  orjafper,  orbafanite,  or  quartz. 

Colour,  dark,  blackifh,  or  bluifh  grey,  or  grey 
with  black  or  deep  blue  blotches,  or  reddifh,  or 
yellowim  grey,  more  rarely  greenifh  grey. 

Luftre,  1.2.     Tranfparency,  i. 

Fracture,  in  the  grofs,  flaty;  but  of  fingle  la- 
minas,  often  fplintery,  or  conchoidal. 

Hardnefs,  from  8  to  9.  Sp.  gr.  from  2,615 
to  2,67. 

Sometimes  the  quartz  feems  the  moft  confidera- 
ble  part  of  the  compound,  but  ftili  preferves  the 
flaty  appearance ;  and  the  feams  are  of  a  darker 
colour,  as  in  the  fpecimen,  Lefke  S.  747. 

Sometimes  the  filiciferous  argillite  is  alfo  ferru- 
ginous, which  renders  it  much  heavier,  as  the  fpe- 
cimen, Lefke  O.  774,  which  is  alfo  micaceous. 
Its  colour  is  dark  bluifli  grey,  with  veins  of  red, 
and  fome  of  white  quartz  ;  its  luftre  i,  from  dif- 
perfed  mica ;  hardnefs,  9 ;  it  is  but  imperfectly 
ilaty. 


Trapiferous 
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Trapiferous  Argillite.     LefkeG.  149. 

This  is  mentioned,  but  infufficiently  defcribed, 
by  Lafius.     Hartz  104. 
Its  colour,  bluifh  black. 
It  fplits  difficultly. 
Hardnefs,  8.     Sp.  gr.  2772. 

Talcofe  Argillite. 

Colour,  whitifli,  or  bluifli,  or  greenifh  grey, 
often  inverted  with  foliated  fleatites. 

Jt  is  found  in  large  maffes. 

Luflre,  3.     Tranfparency,  o. 

Fra&ure,  flaty,  moftly  thin,  and  very  thin, 
curved  flaty.  Hardnefs,  from  4  to  6.  Sp,  gr. 
2,717. 

It  often  involves  quartz  between  its  lamina?. 

This  is  the  ftone  mentioned  in  LefkeG.  133, 
and  which  Karften  ftyles  a  middle  thing,  between 
mica  and  argillite ;  it  is,  indeed,  hard  to  diftin- 
guim  whether  the  minute  fliining  fcales  itprefents 
are  mica  or  talc  ;  but  as  ihis  flone  is  found  in 
great  plenty  at  Holyhead,  and  there  often  in- 
vefted  with  a  cruft  of  foliated  fteatites,  and  fome- 
times  includes  mafles  of  pure  talc  and  amianthus, 
I  prefume  thefe  foliaceous  mining  fcales  are  alfo  of 
the  muriatic  genus. 


Calciferous  Argillite. 

The  fpecimen  Lefke   S.   1104.      effervefccs 
fmartly  with  acids.     Its  colour,  greyifh  and  red- 

difh 
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difh  purple;  luftre,  1,5,  fcarcely  filky,  with  mi- 
nute glittering  particles  ;  tranfparency,  o;  frac- 
ture, flaty,  but  does  not  fplit  eafily  into  very 
thin  lamellae ;  hardnefs,  7;  fp.  gr.  2,721 ;  gives 
a  purplifh  grey  ftreak. 


Hornblende  Slate,  penetrated 
with  Talc  or  Mica. 

Colour,  greenifh  grey. 

Luftre,  2.     Tranlparency,  o. 

Fracture,  flaty,  and  thin  flaty,  the  lamina?  not 
eafily  feparable,  Fragments,  3. 

Hardnefs,  from  8  to  9.     Sp.gr.  of  the  fpeci 
men  I  tried,  which  had  exceeding  thin  layers  of 
quartz  between  its  laminae,  2,815. 

Feels  very  rough. 

It  is  found  in  great  plenty  at  Holyhead,  and  has 
for  the  moft  part  thick  layers  of  quartz  inter- 
cepted between  its  lamina?. 


Hornblende  penetrated  with  Garnets. 

Its  colour  is  dark  greenifh  red,  or  reddifli  dark 
green,  according  to  the  proportion  of  garnet.  Its 
luftre  is  only  derived  from  the  garnet  mixture; 
fracture,  earthy,  or  fine  fplintery ;  Hardnefs,  9 ; 
Sp.  gr.  exceeds  3 ;  if  mica  be  f  uperadded,  it  is 
generally  fhiftofe. 


Hornblende 
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Hornblende  Slate  penetrated  with  an  cxcefs  o£ 
Quartz. 

Of  this  we  have  a  remarkable  fpecimen, 
Lefke  S.  1087  ;  its  colour  is  ochre  yellow,  with 
black  ihining  ftreaks  of  hornblende;  fracture 
fhiftofe;  it  feels  fandy  ;  hardnefs,  10.  The  yel- 
low colour  feems  to  proceed  from  a  ferruginous 
quartz.  It  has  fome  refemblance  to  gneift. 


Mullen  penetrated  with  Afbeftinite. 

Of  this  we  have  a  fpecimen,  Leike  S.  100. 

Its  colour  is  reddilh  grey  when  frefti  broken, 
arifing  from  a  mixture  of  reddilh  brown  and  alh 
blue  particles ;  of  the  reddilh,  fome  poflefs  little, 
fome  no  luftre ;  but  the  afti  grey  have  all  fome, 
and  even  a  confiderable  luftre.  Its  furface  ap- 
pears decompofed,  and  of  a  ruby  brown;  frac- 
ture, uneven  and  earthy ;  hardnefs,  from  6  to  7  ; 
fp.  gr.  2,586.  the  aggregate  being  coarfely 
compared.  The  moft  glofly  of  the  reddilh  par- 
ticles, referable  the  faces  of  felfpar. 


Trap  paffing  into  granite. 

We  often  meet  with  Hones  which  have  fo  great 
a  refemblance  both  to  trap  and  granite,  that  it  is 
hard  to  know  to  which  of  them  they  mould  be  re- 
ferred ;  of  this  fort  are,  i.  The  fione  in  Lefke 
S.  988  ;  its  colour  greyilh  blue,  or  black,  with 
a  number  of  diftinft  white  particles,  and  alfo  of 

oblong 
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oblong  fhining  black  particles,  which  feem  to  be 
hornblende;  and  others  black  and  opake  which 
may  be  trap. 

Its  hardnefs,  is  9;  fp.  gr.  2,916.  The  white 
parts  do  not  feem  to  me  to  be  quartz;  the  fpec. 
gravity  of  the  ftone  is  incompatible  with  fo  large 
a  quantity  of  this. 


Ferruginous  Argillite. 

Of  thefe  fome  are  fo  penetrated  with  calces  of 
iron,  as  fcarcely  to  indicate  a  flaty  texture;  of 
this  fort  is  the  fpecimen,  Lefke  O.  948. 

Its  colour  is  bluiih  brown ;  externally,  it  has 
fome  lutlre ;  internally,  none. 

It  has  fomewhat  of  a  ftriated  as  well  as  of  a 
flaty  appearance. 

Its  hardnefs,  7.  Sp.  gr.  3,188.  It  rapidly 
imbibes  water. 


Argillite  with  an  excefs  of  Argill. 

Thefe  are  generally  fofter  and  lighfaer  than  ge- 
nuine argillites. 

Of  this  fort  is  the  fpecimen,  Lefke  O.  949. 

Its  colour  is  greyifli  blue,  its  luftre  and  tranf- 
parency  o.  Its  trafture,  fine  fplintery  and  fome- 
what ftriated,  but  in  the  grots  flaty.  Its  hard- 
nets,  6.  Sp.  gr.  2,668. 

The  lighter  and  fofter  kinds,  mentioned  by 
Lafius,  are  probably  of  this  fort. 


Of 
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Of  the  Siliceous  Genus. 

Iron  (hot  Quartz. 

Quartz  is  fingularly  difguifed  by  iron,  fcarcely 
retaining  any  of  its  characters,  except  its  peculiar 
hardnefs.  Its  colour,  brown,  yellowifh,  or  red- 
di(h  brown,  or  brownifh  purple.  Its  form  varia- 
ble, fometimes  fhiftofe,  fometimes  of  the  texture 
of  mofs. 

Luflre,  o.i.     Tranfparency,  o.r. 

Fracture,  fplintery ;  earthy  j  or  in  the  grofs, 
flaty ;  often  difcovering  granular  diftindt  con- 
cretions. 

Hardnefs  from  8  to  10.     Sp.  gr.  variable. 

The  fpecimen  Leike  S.  1716,  is  of  an  Ifabella 
yellow.  Itslufire,  o.  Tranfparency,  fcarcely  i. 
Frafture  in  the  grofs,  ilaty;  but  of  the  fingle  la- 
minae, earthy;  with  minute  reddifh  ochry  ipots. 
Hardnefs  nearly  9.  Sp.  gr.  2,602.  It  feems  de- 
bafed  by  a  mixture  of  ochry  argill. 

The  fpecimen  O.  322,  is  reddilh  brown,  with 
\vhitifh  ftrias,  and  red  veins.  Its  luftre  i ;  tranf- 
parency,  o;  hardnefs,  10. 

Sometimes  itfhewsa  metallic  luftre,  yellowifh, 
reddifh,  or  greenifh,  from  the  decompofition  of 
pyrites  lying  on  its  furface,  as  in  Lcfke  O.  344. 

Sometimes  it  hath  an  open  fpongy  mofs -like 
ftru&ure,  deftitu'e  of  luftre  and  tranfparency,  as 
in  Lefke  S.  783,  which  is  partly  blackilh,  and 
partly  yellowiili  ochry  brown. 

Sometimes  it  is  fo  porous  and  earthy,  as  well 
as  ferruginous,  as  to  refemble  porous  lava,  as  in 
Leike  744,  deftitute  of  luftre  and  tranfparency, 
but  hard  as  10. 

Sometimes 
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Sometimes  it  is  fo  cariated  by  calx  of  iron  and 
argill  that  penetrates,  as  to  referable  fligbtly 
compacted  rufl,  as  in  S.  28.  Its  colour  is  reddifh 
brown.  It  is  friable  between  the  fingers. 

Sometimes  overlaid  by  calx  of  iron,  as  in 
Lefke  O.  35^,  which  exhibits  quadrangular  im- 
preffions  of  fiuor  cryftals  antiently  contained  in  it. 

Sometimes  it  has  the  appearance  of  a  reddiih 
grey,  or  greyilh  red,  or  yellow  mortar,  as  in  O. 
102 1  and  1733  ;  or  yellowifh  red,  as  in  S.  270. 

Sometimes  it  appears  as  if  paffing  into  fand- 
ftone,  as  in  Lefke  S.,  whofe  colour  is  greyifh  red; 
its  luflre,  i;  tranfparency,  o;  hardnefs  10 ; 
fracture,  fine  fplintery,  nearly  even.  See  Lefke 
S.  1120. 

Earthy  Quartz. 

This  is  often  fo  difguifed  as  to  be  eafily  mif- 
taken. 

The  fpecimen,  Lefke  O.  360,  is  almoft  per- 
fectly white.  Its  luftre  fcarcely  i ;  tranfparency, 
i  ;  its  ftructure  as  loofe  as  that  of  mofs,  which 
it  refembles;  exceedingly  brittle,  and  light  as 
pumice. 

2d,  The  fpecimen,  O.  414,  is  dark  grey; 
luftre  and  tranfparency,  nearly  o ;  confifts  of  mi- 
nute grains  compared  together  with  numerous 
minute  interftices  ;  yet  its  hardnefs  is  10;  refem- 
bles  fandftone,  and  N.  434  (till  more. 

3d,  In  the  fpecimen,  O.  1383,  we  find  quarts 
deftitute  of  luflre  and  hardnefs,  and  of  a  yellowifh 
grey  colour,  and  fplintery  fracture ;  it  differs 
from  filiceous  fhiftus  in  having  no  tendency  to  a 
ilaty  flrufture. 

4th,  The  olive  green  quartz,  Lefke  744,  hath 

very  little  luftre,  but  fome  tranfparency ;  its  frac- 

C  c  2,  ture, 
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ture,  fplintery,  feems  paffing  into  hornftone, 
but  its  texture  is  Hill  too  granular  to  fuit  this 
fpecies. 

5th,  The  fpecimen,  Lefke  S.  800,  prefents  thin 
plates  or  laminse  varioufly  heaped  together,  defti- 
tute  ofluftre  and  tranfparency ;  but  their  hard- 
nefs  proves  them  to  be  quartz. 

6th,  In  thefpecimen,  S.  1235,  we  may  obferve 
a  yellowifh  white  quartz,  with  diftinft  grofs  gra- 
nular concretions,  almoft  entirely  detfitute  of 
luftre  ;  but  its  tranfparency  unhurt,  being  2. 

The  earthy  quartz,  LeJke  S.  1267,  is  of  a 
grey  colour,  with  a  flight  tinge  of  red  and  yel- 
low ;  its  luftre  is  fcarcely  i  ;  fracture,  fplintery, 
in  the  grofs,  flaty,  with  minute  diftinct  granular 
concretions,  relembling  a  cloie-grained  fandftone  ; 
its  hardnefs  10. 

The  fpecimen,  S.  12,72,  refembles  the  fore- 
go'h-j;,  but  irs  grain  is  more  open,  and  has  more 
the  appearance  or  flate. 

Sometimes  it  hath  a  ftrong  tendency  to  a  lami- 
nar ftru&ure,  as  if  pafling  into  felfpar,  as  in  Lelke 
O.  422. 

Sometimes  it  hath  the  luftre,  and  fome- 
what  of  the  appearance  of  pitchftone,  as  in  Lefke 
O.  4^2. 

Sometimes  its  fracture  approaches  to  the  ear- 
thy, as  in  Lefke  S.  1156,  whofe  colour  is  bluiih 
grey.  Karfien  calls  it  a  filiceous  fliiftus  paffing 
into  quartz. 

Earthy  Quartz  penetrated  with  yellowilh  green 
Adtinolite.     S.  1310. 

Greenifh  grey  with  yellowiih  green  lumps,  and 
fpecks  and  blotches  of  red. 

Luftre,  i.     Transparency,  i  or  o:5. 

Fraclure, 
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Fracture,  fplintery  and  uneven. 
Hardnefs,   10.     Sp.  gr.  2,883. 
It  has  numerous  rifts,  the  fides  of  which  pre- 
fent  ferruginous  illmitions. 

Earthy  Hornftone. 

It  fcarce  differs  from  earthy  quartz,  but,  in 
pofieffing  a  finer  and  clofer  grain,  it  often  con- 
tains fome  glimmering  particles  which  are  thought 
to  be  felfpar.  Hardnefs,  from  7  to  10.  Of  this 
fort  is  the  fpecimen,  Lefke  O.  454,  which  is  of  a 
reddifh  grey  colour,  mixed  with  green;  its  luftre 
and  tranfparency,  o.  Fracture,  fine  fplintery. 
Structure  thick  flaty.  Hardnefs,  10. 

The  fpecimen  S.  239,  is  nearly  black,  or 
brownifh  black.  Its  luftre  and  tranfparency,  o. 
Fracture,  tending  to  the  conchoidal,  with  a  clofe 
grain.  Hardnefs,  7. 

When  hornftone  is  in  fome  meafure  decom- 
pofed,  it  difcovers,  in  the  fame  fpecimen,  the 
character  both  of  an  earth,  and  thofe  that  belong 
to  its  ftony  (late.  Thus  in  that,  Lefee  S.  41  7, 
which  is  pale  grey,  mixed  with  red  and  yellow, 
we  fee,  both  a  conchoidal  and  earthy  frafture. 
Its  lullre  and  tranfparency,  o.  Hardnefs,  9. 

Sometimes  it  hath  the  appearance  of  mortar, 
mixed  with  compact  parts  of  a  clofer  grain  than 
quartz,  as  in  Left*  S.  494,  which  is  of  an  alh- 
grey  colour,  the  hardnefs  of  the  more  compact 
parts  is  10. 

The  dark  greenilh  grey  is  often  the  bafis  of 
porphyry,  fee  Lefke  S.  457. 

Mountain   green  hornftone  is  often  debafed, 

apparently  by  green  earth,  of  this  fort  is  the  fpe- 

C  c  3  cimcn 
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cimen,  Le/ke  K.  83.  Its  luftre  and  tranfparency 
o.  Hardnefs  from  7  to  8.  Its  fradture  imper- 
fectly conchoidal.  Gives  a  white  ftreak. 

Ferruginous  Hornftone. 

The  peculiarities  of  thefe  {tones  will  befl  ap- 
pear from  the  defcription  of  a  few  of  them. 

i.  The  fpecimen  Leike  S.  238,  is  reddifh 
brown.  Luftre  and  transparency,,  o.  Fracture, 
fiat  conchoidal.  Very  dole  grained.  Hardnefs, 
7.  Gives  a  pale  red  ftreak. 

The  iron  ihot  hornftones  are  more  prone  to 
melt  than  others  ;  thus  the  greenifh  grey  horn- 
tfone,  Leike  S,  831,  whofe  luftre,  o;  tranfpa- 
rency,  0,5.  fracture,  uneven  and  fine  fplintery ; 
hardnefs,  9  ;  fp.  gr.  2813  i  melted  at  i46°,<; 
into  a  black  compact  glafs.  When  decompofed 
it  has  frequently  the  appearance  and  fracture  of 
an  ill-burned  brick,  as  in  Lefke  O.  1105,  which 
is  pale  yellowifti  red  ;  hardnefs  9  or  10. 

The  greenifh  grey  hornftone,  Lefke  S.  125;, 
is  at  once  earthy  and  ferruginous.  Its  luftre  and 
tranfparency,  o;  fradure,  coarle  fplintery;  in 
the  grofs,  flaty;  hardnefs,  10;  it  is  covered  with 
a  red  ferruginous  cruft,  which  in  fome  places 
finks  pretty  deep  into  its  fubftance. 

But  the  reddilh  calces  of  iron  give  no  tendency 
to  fufion.  Thus  the  purplilh  red  hornftone, 
Leike  G.  61,  whofe  luftre  and  tranfparency  are 
o;  fracture,  uneven,  but  fine  fplintery  ;  hardnefs, 
9;  Sp.  gr.  2,638,  refufed  to  melt,  but  barely 
hardened  at  i47°,5  into  a  dark  grey  mafs. 


Siliceous 
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Siliceous  fhiflus  penetrated  with  Argillite. 

Colour,  light  bluifh  grey,  or  purplifh  grey. 

Luftre,  o.     Tranfparency,  o. 

Fracture,  fine  fplintery j  in  the  grofs,  flaty. 

Hardnefs,  9  or  10.  Sp.  gr.  2,689,  but  may 
vary  with  the  kind  of  argillite. 

Of  this  Ibrt  is  the  fpecimen,  Lefke  S.  993, 
whofe  colour  is  bluifli  grey;  alfothat  in  Lefke  G. 
174*,  which  is  purpliih  grey,  ftreaked  in  the 
fradture  with  yellowilh  grey,  and  has  fome  refcm- 
blance  to  a  fandftone.  The  fpecimen,  S.  993, 
had  its  fp.  gr.  2,6^9,  and  at  148°,  melted  into  a 
greyifli  white  porcelain,  which  was  glazed  at  the 
furface.  Lefke  calls  this  a  flaty  hornftone.  Karften 
a  filiceous  Ihiftus.  Its  fufibility,  texture,  and 
grain,  induce  me  to  fufpect  it  contains  grey  ar- 
gillite. 


Siliceous  Shiftus,  penetrated  with  Mullen.  Lefke 
S.  1246. 

Bluifti  grey,  its  furface  often  ftained  reddifli 
and  yellowifli  brown. 

Luftre,  o ;  tranfparency,  o. 

Fradture,  fine  fplintery,  and  uneven. 

Hardnefs,  8;  Sp.gr.  2,739. 

At  148°  the  fpecimen,  Leike  .S.  1246,  melted 
into  a  yellowifh  black,  and  fomewhat  porous  por- 
celain. 


C  c  4  Siliceous 
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Siliceous   Shiftus,    penetrated   with    Limeflone. 
Praiiform  Porphyry  of  Karften,  Le/ke  S.  1811, 

Dark,  fomewhat  yellowiih  grey.  i  „ 

Luftre,  o,  except  a  very  tew  particles;  tranf- 
parency,  o. 

Fradiure,  fplintery;  the  grain  very  fine  and 
clofe. 

Hardnefs,  from  9  to  10;  fp,  gr,  2,578. 

Though  Karften  reckons  it  a  ihifti  ie  porphyry, 
I  can  perceive  no  traces  of  feifpar.  The  whiter 
fpots  are  evidently  nothing  elfe  than  femi-tranfpa- 
rent  fplinters. 

Pitchftone,  penetrated  with  Opal.     Lefke  S.  295. 

Pearl  grey,  fomewhat  refembling  porcelanite. 
Luftre,  filky,  2;  tranfpaiency,  i. 
Seams  penetrated  with  lumps  of  opal. 
Hardnefs,  8.     brittle.     Sp   gr.  1,970. 
Imbibes  warer  ilowly. 

Heated,  it  decrepitates  ftrongly,  and  then  whi- 
tens; at  i48°,5  it  remained  a  looie  powder. 

Granite,  penetrated  with  Argillite.  Le/ke  S.  1883. 

Whitifh  and  purpliih  grey. 

Luftre,   i.     Tranlparency,  o  or  o,c-. 

Fraflurc,  partly  fplintery,  and  parti)  obfcurely 
fi&arjBd. 

Hardnefs,  8.  very  difficultly  broken  ;  fp.  gr. 
2,670. 

The  mica  and  purplifli  argillite  are  very  per- 
ceptible. 

FIRST 
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Diamond. 


ITS  colour  is  moft  commonly  pale  grey, 
which  often  pafles  into  the  yellow,  fometimes 
citron  yeliovv,  feldom  rofy  red,  flill  more  rarely 
green  or  blue,  but  very  often  pale  brown,  or  co- 
lourlefs. 

It  occurs  mod  commonly  in  rounded  grains, 
feldomer  in  double  quadrangular  pyramids,  or 
flat  double  triangular  pyramids,  whole  edges 
are  convex,  &c. 

Its  external  luftre  cafual,  internal,  4.  Its 
tranfparency,  2.3.4. 

Its  fradurc  foliated.     Fragments,  4. 

Its  ^ardnefs,  20.     Its  fpec.  gravity  from  3,44 

to  3>5p- 

It  gives  but  a  fingle  refradlon. 

In  a  heat  of  35°  or  40°,  it  confumes  and  burns 
like  an  inflammable  fubftance  ;  hence  fome  think 
it  a  very  pure  fpecics  of  coal.  No  acid  has  any 
.cffedt  on  it. 


SECOND 
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SECOND    APPENDIX. 


Of  Stones  and  Earths  that  owe  their  Origin  to 
Fire, 

1  HE  fires  from  which  many  minerals  derive 
their  form  and  aggregation  are  either  volcanic  or 
pfeudo-volcanic  ;  of  each  of  ffhich  we  lhall  fuc- 
eeffively  treat. 


CHAP.    I. 


§.  I. 


Of  Volcanos  in  general. 

A  volcano  is  a  mountain  that  ejects  fmoke, 
flame,  and  heated  flony  fubltances,  partly  in  a 
loofe,  partly  in  a  iolid,  and  partly  in  a  liquified 
form. 

Thefe  mountains  generally  ftand  fmgle  and  de- 
tached; yet  we  are  told,  that  in  Peru,  and  fre- 
quently in  Kamfchatzka,  they  form  part  of  an 
extenfive  chain,  With  thefe,  however,  we  are 
as  yet  but  imperfectly  acquainted,  and  it  is  not 
clear,  that  moft  of  thofe  that  are  fo  called  are 
no:  rather  pfeudo  volcanos. 

Every 
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Every  volcano  hath  therefore  neceffarily  an 
aperture,  or  mouth,  through  which  this  fiery 
matter  is  difcharged;  this  aperture  is  called  its 
cra;?rt  generally  it  is  placed  in  the  fummit  of 
the  mountain,  but  fometimes  on  its  fides.  The 
aperture  on  the  fummit  is,  however,  moft  fre- 
quently fo  called,  as  it  i-,  more  commonly  open, 
and  is  formed  of  materials  that,  after  having 
been  ejected,  have  fallen  on  the  borders  of  the 
aperture,  and  in  fucceflion  of  time  have  formed  a 
fort  of  chimney  all  around.  The  lateral  aperture 
is  commonly  blocked  up  by  the  laft  portions  of 
the  liquified  matter  that  have  flown  through  it. 
The  crater  is  always  of  considerable  extent,  often 
of  many  miles  in  circumference. 

The  ejective  power  of  volcanos  is  noxv  gene- 
rally believed  to  proceed  partly  from  air,  paffing 
from  a  concrete  into  an  elaftic  itate  ;  partly, 
and  indeed  principally,  from  water  and  bitumen, 
converted  into  fleam ;  and  often  alfo  from  the 
decompofition  of  (team,  the  caufe  of  this  decom- 
pofition  is  eafily  underftood  by  thofe  who  are 
acquainted  with  the  difcoveries  of  Mr.  Lavoiiier 
and  Dr.  Prieftley. 

The  liquified  matter  that  iffues  from  volcanos 
is  in  general  called  lava,  from  the  Gothic  Lopat 
or  Lauffen,  to  run.  The  heat  communicated  by 
volcanic  fire,  to  the  immenfe  mafs  of  materials 
on  which  it  operates,  fcarce  ever  equals  120°  of 
Wedgevvood,  and  ftill  more  rarely  exceeds  that 
degree;  this  is  evident  from  its  effects;  for, 
limeftones  are  frequently  ejected  from  volcanos 
uncalcined*,  and  yet  their  calcination  requires 
only  a  heat  of  1 20°,  and  iliorls,  which  are  fuiibla 

*  Dolom.  Notes  on  ^d  Bergm.  p.  77. 

i  at 
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at  95°,  are  ejected,  unfufcd,  and  unaltered;  (o 
alfo  are  ftones  of  the  nature  of  trap,  which  yet 
vitrify  in  a  heat  of  120°,  or  lefs. 

The  moft  diligent  and  exaft  obfervers  of  vol- 
canic eruptions  agree  in  teftifying  this  fact. 
Defmaretz  Mem.  Par.  1771,  p.  830,  in  octavo, 
tells  us,  ••  The  experiments  of  Mr.  D'Arcet 
**  prove  the  fire  of  volcanos  to  be  commonly 
**•  much  too  weak  to  produce  perfeft  vitrifac- 
"  tions." 

Mr.  Dolomieu,  in  the  Preface  to  his  Obferva- 
tions  on  the  Pontian  Iflands,  p.  8,  fays,  "  vol- 
•'  canic  fires  have  no  intenfity,  they  cannot  vi- 
"  trify  even  the  moft  fufible  fubftances,  fuch  as 
"  fliorls."  And,  in  his  Notes  on  Bergman's  Trea- 
tife  on  Volcanic  Products,  he  affirms,  that,  "  vol- 
*'  canic  heat  neither  alters  the  texture,  colour, 
*'  denfity,  or  hardnefs,  of  many  of  the  fubftances 
"  that  are  expofed  to  it."  p.  162.  Others  give 
in  effect  the  fame  teflimony,  by  attefting  the 
ilownefs  with  which  lava  commonly  flows.  Thus, 
in  the  famous  eruption  of  1636,  the  lava  of 
^tna  moved  only  at  the  rate  of  3  miles  in  24 
hours,  or  about  3,6  feet  in  a  minute,  though 
feveral  feet  in  height,  and  one  of  the  q nicked,  of 
\vhich  we  have  any  account  *.  The  lava  of  Ve- 
iuvius  has  often  continued  in  motion  lor  years; 
and  that  of  JEtna  has  continued  to  flow  for  ten 
years,  and  not  more  than  at  the  me  of  fix  feet 
in  a  day  +.  Now  there  are  but  three  forts  of 
iufion,  with  which  we  are  acquainted  ;  tha:  which 
produces  porcelain,  that  which  produces  enamels 
and  lemi-vitrifications,  and  that  which  produces 

*  2  Phil.  Tranf.  Abridg.  p.  387. 
t  Dolom.  Ponces,  12.  66. 

6  glafs ; 
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glafs ;  by  infpedting  lava,  we  (hall  find  that  very 
little  of  it  has  been  in  any   of  thefe  fhtes;  (ince 
therefore,  it    has  flowed,  it  is    plain,  it  has  de- 
rived  its  liquifaflion  not  from  the  fufion  of  its 
own  materials,    but  from  that  of  fome   foreign 
fubftance  mixed    with  it.     This  faft  is  fo  plain, 
that   it  has  even  ftruck   Mr.  Dolomieu,  in    the 
midft   of  his   prepofleflions   in   favour  of  fome 
ftrange  inconceivable  power  which   he  attributes 
to  volcanic   fire,   of  melting  earthy   iubftances 
without  effecting  any  alteration  in   their  fenfible 
qualities.     "  I  hope,"  fays  he,    "  to  prove  that 
"  lavas  contain  in  their  interior  a  combuftible 
"  matter,  which  burns  and  confumes  in  the  fame 
"    manner  as  other  inflammables."    ]Jl-:s  Ponce &t 
10.    Yet  he  neglefts   telling  us  what  this  matter 
is;  though  it  plainly  appears  to  be  no  other  than 
fulphur  and  bitumen,  of  whilh  an  imnienfe  quan- 
tity is  found  in  all  volcanos,  which  liquifies  in  a 
low  degree  of  heat,  and  caufes  ail  the  llony  fub- 
ftances  to  flow,  that  are  immerfed  in    it.     Mr. 
Fabroni,  in   his  mafterly    Treatife  on  Coal,  p.  3, 
tells  us,  that  recent  lavas  are,  as  if  it  were,  anointed 
with  petrol.     Mr.  Bergman,  indeed,  denies  that 
any  fign  of  it   appears  on  lavas,  §.  9.     But  Do- 
lomieu,  in  his  notes  on  that  fecYioii,  eftabliilies 
the  faft.     **  Recent   fcorice,  which  cover  lavas, 
"  often  give  unequivocal  indications  of  petrol ; 
"  they  are  greafy,  footy,  un&uous,  and  deron- 
"  nate   with   nitre,    but  thefe   indications  Coon 
"  vanifh." 

Mr.  Fougeroux  made  the  fame  obfervation  ; 
Mem.  Par.  1766,  p.  42,  in  o&avo.  Mr.  Gue- 
thard  ;  Mera.  ijar.  1752,  p.  76,  concurs.  Von 
Salis,  in  his  account  of  Sicily,  publilhed  in  the 
year  1790,  tells  us,  that  he  found  in  it  whole 

mountains 
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mountains  of  bitumen,  coal,  and  bituminous 
wood;  p.  68  and  69  ;  and  fome  under  beds  of 
bafalt,  which  he  calls  lava. 

Hence  we  have  all  the  proof  that  can  be  ex- 
pected, that  lavas  owe  their  liquidity  to  melted 
bitumen,  and  fulphur;  which  at  once  explains 
why  they  are  fo  little  altered  from  their  primitive 
ftate,  why  they  are  magnetic,  as  their  iron  is  in 
contact  with  inflammable  matter,  and  the  reafon 
of  their  uncommon  fertility  when  in  a  ftate  of 
decompofition,  as  they  retain  much  of  the  car- 
bonic principle,  which  is  the  food  of  plants,  and 
is  fet  loofe  by  their  decompofition. 

To  prefenta  clear  idea  of  volcanic  eruptions,  I 
fhall  qupte  the  description  given  by  Mr.  Dolo- 
mieu,  ponces,  278,  who  has  obferved  more  of 
them  In  various  circumftances  than  perhaps  any 
other  perfon.  "  After  repeated  concuffions  and 
"  fubterraneous  thunders  have  announced  the  la- 
"  bour  of  a  volcanic  mountain,  the  fmoke  ifluing 
"  from  its  fummit  augments;  it  is  fometimes 
"  black,  fometimes  white,  and  fo  thick  as  to 
41  appear  almoft  compact."  (Here  I  muft  re- 
mark, that  this  black' fmoke,  luch  as  we  fee  if- 
iuing  from  glafs-houfes,  is  an  evident  proof  of 
the  accenfion  of  coal  and  bitumen  laid  on  frefh). 
"  It  rifes  in  perpendicular  columns,  to  a  great 
•'  height,  then  becoming  too  heavy  to  be  fup- 
•'  ported  in  Ib  rare  a  part  of  the  atmofphere,  it 
"  fpreads  and  forms  a  head  like  the  fummit  of  a 
••  pine;  flame  appears foon after,  and  thisisfuo- 
'*  ceeded  by  projections  of  lilies',  fcoria5,  and  in- 
tf  flamed  fiont-;  at  Jail,  tro.n  the  bottom  of  the 
"  crater,  a  lie;  ii'i  master  riles  refembling  melted 
"  metal,  who'r  furface  --s  in  a  ftate  of  com- 
"  buition."  Iferc  •-.••,<  buumcn  expofed  to  the 

open 
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open  air  burns  off,  and  hence  fcarce  any  traces 
of  it    are  afterwards    found.      It    even  appears 
doubtful  to  me,  that  there  exifts  any  flame  at  the 
bottom  of  the  volcano,  as  the  air  is  generally  too 
impure  to  fupport  it.     es  This  matter  flows  down 
"  from   the  loweft  border  of  the  crater,  and  is 
"  covered  with  a  quantity  of  fcorise,  which  float 
«f  on  its  furface,  being  very  thick,  it  flows  flowly 
"  fcooping  a  cavity    in  the   light  fcorice,  that 
"  form  the  exterior  of  the  cone,  and,  attaching 
"  thofe  fcorise  to  itfelf,  it  defcends  gently,  and 
t(  then  fpreads.     Its  farther  progreflion  is  made 
tf  either  by  rolling  on  itfelf,  the  upper  part  be- 
*'  coming  the  lower,  or  by  ifluing  from  under  the 
"  fcorias  which   cover  it;  this  laft  mode  is  the 
"  mod  ufual ;  for,  the  furface  of  the  current  be- 
"  ing  covered  with  fcorise,  and  congealing  with 
"  them,  and  with  the  earth  on  both 'fides,  forms 
"  a  kind  of  cruft,  under   which,  the  lava  flows 
"  as  under  a  bridge.     An  eruption  of  this  kind 
"  may  flow  for  a  long  time  and  furnrfh  nothing 
(t  but  porous  lava.     Harely  there  are  any  cur- 
u  rents  of  compact  lava.     In  -$itna  the  lava  fel- 
"  dom  iffues  from  the  fu-mmit,    but  generally 
"  from  the  fides  of  the   mountain,    in  rivulets 
"  which  afterwards  unite   in  one   common  tor- 
"  rent.      Sometimes  thefe  lateral   ejeftions    are 
"  made  with  immenfe  force,  and  projecT:  enor- 
tf  mous  ftony  mafles  half  a  league.     The  currents 
"  that  iflue  from  the  fides  of  a  mountain  are 
"  generally  more  compact  than  thole  that  iffue 
ft  from  the  fummit ;  they  would  even  be  exempt 
"  from  fcorise,  and  porous  lava,  had  it  not  been 
"  for  an  internal  effervefcence,  which  takes  place 
"  in  them.     Afcer  the  excavation   of  the  ground 
"  by  the  firft  ejection,  the  progreflion  becomes 

"  flower, 
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"  flower,  and  the  lava  is  covered  with  a  white  and 
"  bluifli  flame.  Sometimes  it  flows  like  an  ex- 
"  panding  ribband,  and  then  the  upper  part  be- 
"  comes  lowelt,  and  confequently  buries  the 
"  fcorise  and  cellular  lava;  at  other  times  a  new 
"  head  iflues  from  under  the  hardened  furface. 
"  Thus  the  lavas  invelope  and  carry  with  them 
"  the  bodies  they  meet ;  and  thus  they  are  afib- 
*'  ciated  with  the  porous  lava." 


§n. 

Of  Volcanic  Productions. 

id,     Of   Lavas    in    general. 

Any  matter  that  has  iflued  out  of  a  volcano  in1 
a  liquified  ftate,  or  that  has  accompanied,  or 
been  invcloped  in  fuch  liquified  matter,  is  in  ge- 
neral ftyled  zlavai  and  of  this  three  forts  have 
been  remarked,  the  vitreous>  the  cellular,  and 
the  compact. 

2d,  Of  Vitreous  Lavas. 

Vitreous  lavas  are  formed  of  fuch  matters  as; 
have  beer  expofed  to  the  greateft  heat,  or  which, 
from  their  compofkion,  were  moft  fufceptible  of 
vitrification  in  a  moderate  heat. 

Their 
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Their  colour  black,  greyifh,  black,  dark  green, 
yellowifh,  or  greyifh  white ;  generally  found  in 
inconfiderable  and  detached  mattes,  either  frothy, 
or  compact. 

Its  luftre,  3;  its  tranfparency,  3.2.1;  fracture 
conchoidal. 

Hardnefs,  from  9  to  10. 

Sp.  gr.  variable,  from  2  to  3  ;  according  to 
their  more  or  lefs  frothy,  porous,  or  compaft 
flate,  and  alfo  to  their  compofition. 

Mr.  Bergman  has  given  us  the  analyfis  of  a 
glafs  of  this  fort  from  the  Lipari  I/lands,  which 
contained  69  per  ct.  of  filex,  22  argill,  and  9  of 
iron.  3  Bergm.  p.  204.  In  another,  he  found 
49  per  ct.  filex,  35  argill,  4  calx,  and  12  of 
iron.  De  Prod.  Volcan,  ift  edition. 

But  all  thefe  refults  are  evidently  fortuitous,  as 
the  cotnpofitions  mud  ever  vary,  with  thofe  of 
the  original  Hones  or  earths  that  are  vitrified. 


3d,  Of  Enamels. 

Analogous  to  vitreous  lavas  are  the  imperfeft 
vitrifications  called  enamels. 

Their  colours  are  white,  grey,  or  brown,  often 
with  round  fpots  of  a  different  colour  from  the 
ground.  Luftre,  2.3.  Tranfparency,  o. 

Frafture,  rather  more  granular  than  that  of 
glafs,  or  between  that  and  the  porcelain  grain. 

Hardnefs  from  9  to  10.  Sp.  gr.  approaching 
to  3,  often  higher. 

Sometimes  contain  cry  dais  of  fhorl,  or  felfpar, 
not  completely  melted. 


D  d  4th, 
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4th,    Of  Volcanic  Scoria?. 

Thefe  are  compounds  of  iron  and  flony  matter 
that  owe  their  fufion  to  fulphurated  iron,  which 
is  known  to  be  much  more  fufible  than  iron  in 
any  other  ilare;  they  are  tumefied  and  expanded 
by  the  fulphureous  vapors,  and  commonly  inveft 
the  furt'ace  of  cellular  lava,  as  fulphur  can  burn 
only  where  in  contact  with  the  air. 

'J  heir  colour  is  generally  black,  but  fometimes 
reddifh,  from  the  calcination  of  the  iron. 

Their  furface  rough,  uneven,  and  tumefied. 
Luflre,  2^3,  when  decompofed  o.     Tranfpa- 
rency,  o. 

Their  texture  cavernous,  the  cavities  larger 
and  more  irregular  than  thofe  of  cellular  lava, 
but  never  fibrous. 

Their  hardnefs,  from    7    to   9,    very  brittle. 

Their  (p.  gravity,  when  they  are  very  porous, 

is  often  fuch  as  to  admit  them  to  float  in  water; 

but,  when   well   foaked  in   it,  their  fp.  gravity, 

generally  exceeds  2,7. 

Mr.  Dolomieu  found  at  leaft  8  per  ct.  of  iron 
in  all  thofe  he  examined,  and  generally  more. 
Cryftals  of  felfpar,  white  garnet,  and  bafaltine, 
have  been  found  in  them.  They  all  refemble 
each  other.  Ponces,  p.  147. 

Befides  the  fcorias  that  accompany  beds  of 
lava,  there  are  others,,  thrown  out  in  detache.d 
mailes.  Thefe  mixed  with  volcanic  aihes  form 
the  crater  of  volcanos;  they  are  generally  more 
completely  vitrified,  and  though  more  tumefied 
than  other  fcorirr,  yet  they  fink,  in  water,  as  they 
are  more  eafily  penetrated  by  it.  They  are  moftly 

of 


Of  Cellular  Lava.  403 

of  the  iize  of  a  nut,  and  readily  moulder  by  ex- 
pofure  to  the  air.  At  Naples  they  are  called, 
Rapillonero.  Dolom.  p.  203. 


5th,  Of  Volcanic  Slaggs. 

Thefe  intirely  referable  the  drofs  of  forges, 
they  are  generally  red,  and  heavy. 


§  HI. 


Of  Cellular  Lava. 

Its  colour  is  brown,  or  reddifh  brown,  er 
greyifh  black,  feldom  grey. 

Its  furface,  unequal,  rough,  and  full  of  ca- 
vities. 

Its  luftre,  o.  Its  tranfpareney,  o.  Its  fradture 
earthy,  and  full  of  cavities. 

Itshardnefs,  from  7  to  9.  Its  fp.  gravity  va- 
riable with  its  porofity,  but  does  not  exceed  2.8. 

Mr.  Dolomieu  pretends,  that  its  internal  pores 
diftinguifh  it  from  porous  ftones  of  Neptumin 
origin.  Notes  on  3  Bergrrit  p.  184.  Thefe  pores 
are  larger  near  the  furface,  than  towards  the 
center.  Ponces,  295. 

It  is  more  fubjedt  to  deflrudtion  than  compaft 
lava ;  yet  no  compad  lava  is  ever  found  wholly 
tfeftitute  of  the  cellular.  Ponces,  277. 

It  generally  affefts  the  magnetic  needle. 

D  d  a  §  IV. 
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§  IV. 


Of  Compact  Lava. 

By  compaft  lava,  volcanic  writers  denote  an 
earthy  fubftance,  which,  after  having  been  fufed 
but  not  vitrified,  becomes,  on  cooling,  compaft, 
clofe,  and  folid. 

Whether  this  degree  of  folidity  is  fuch  as  totally 
to  exclude  that  evidently  porous  and  cavernous 
ftru&ure,  which  cellular  lava  prefects,  is  not 
perfectly  agreed  upon. 

Thofe  who  are  guided  by  obfervation  on 
modern  and  undifputed  volcanic  torrents,  allow 
that  no  lava  abiblutely  compaft,  and  deftitute 
pf  pores  in  an  extent  of  more  than  a  few  fquare 
inches  is  ever  found.  Thus  Mr,  Bergman 
defines  compact  lavas  to  be,  "  thofe  which, 
«'  though  not  abfolutely  deftitute  of  cavities,  yet 
"  contain  fo  few,  that  they  may  be  cut  into  flabs 
"  with  an  almoft  intire  furface,  and  polifhed 
"  like  marble."  3  Bergm.  p.  201.  To  this  de-r 
finition,  Mr.  Dolomieu,  in  his  notes  on  Berg- 
man's DifTertation,  makes  no  obje&ion;  from 
which  we  may  conclude,  that  in  a  fmall  extent, 
fuch  as  that  of  common  marble  ilabs,  they  never 
exhibit  an  uninterrupted  furface.  This  laft  men- 
tioned Philofopher,  indeed,  having  unfortunately 
wifhed  to  comprehend,  in  his  definition  of  corn- 
pad  lava,  ftony  maffes,  not  found  in  modern 
jind  undiiputed  beds  of  lava,  but  vnfuppofed  antient 
5  currents, 
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currents, found  himfelf  much  embarrafTed ;  "there 
tf  is,  fays  he,  fuch  uncertainty  in  the  characters 
tf  of  compact  lava,  that,  independently  of  local 
"  circumftances ;  the  moft  experienced  eye  may 
*'  be  deceived  *."  Yet  thefe  circumftances,  not 
properly  attended  to,  are  thofe  which  have 
feduced  him  into  the  rnoft  palpable  miftakes, 

Gioeni,  though  in  many  inftances  milled  by 
Dolomieu,  yet  acknowledges  that  lava,  fo  com- 
pact as  to  be  totally  deftitute  of  pores,  is  not 
found.  Litholog.  Vefuv.  p.  85.  Padre  Torre 
who,  independently  of  any  fyftem,  has  candidly 
and  impartially  examined  the  produces  of  Velu- 
vius,  exprefly  denies  the  exigence  of  lava  defti- 
tute of  pores,  none  other  but  the  porous  being 
found  in  currents  of  modern  date  -j~.  Galeani,  in 
his  Catalogue  of  the  Lavas  of  Vefuvius,  drawn 
up  in  1772,  hardly  mentions  any  compact  lavas. 
Gioeni,  in  his  Catalogue,  intirely  omits  this  dif- 
tindtion;  and  Mr.  Dolomieu  acknowledges,  that 
not  a  fingle  fpecimen  of  compact  lava  is  to  be 
found  in  the  cabinet  of  Prince  Bifcari. 

Thofe,  on  the  other  hand,  who,  guided  by 
fyftem,  beftow  the  name  of  lava  on  ftony  maffes, 
which  they  fuppofe  to  have  anciently  flowed,  either 
from  real  ftiil  fubfifting,  or  imaginary  ancient 
extincl,  volcanos,  find  ccmpaft  lava  intirely  defti- 
tute of  pores,  very  fcarce  indeed  in  the  Juppofed 
currents  from  modern,  but  in  great  plenty,  in 
thofe  which  they  afcribe  to  their  fictitious  volcanos 
now  extinct,  as  well  as  in  the  very  bowels  of  thofe 
volcanos. 


*  Ponces.  171. 
f  Ponces.  174. 


D  d  3  Gioe-n, 
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Gioeni,  after  telling  us,  from  Dolomieu,  that 
compaft  lava  occupies  the  center  of  the  beds  of 
lava,  and  porous  lava  the  upper  part,  acknow- 
ledges that  this   gradation  feldom  takes   place ; 
"  few,  however  (fays  he),  are  the  vifible  cur- 
<{  rents  of  lava  on  Vefuvius,  in  which  we  meet 
"  this  gradation."    It  feems   he   Ihould  rather 
have  faid,  none ;  for,  fome  lines  after,  he  tells 
us,  f(  that  modern  volcanos  have  loft   the  power 
"  of  producing  any*."    The   detached   mafies 
that  pafs  for   compadt  lava,  he  acknowledges  to 
have  been  ejefted  in  their  folid  form  by  the  ex- 
plofive   power  of  the  volcano,  and  confequently 
are  not  real  lavas,  but  rather  natural  flones,  torn 
from  the  fides  of  the  mountain  -f-.    Mr.  Dolomieu, 
tells  us  that  compact  lavas  are  {tones,  which  after 
having  been  melted  reaffume   their  natural  (late 
and  appearance  without  any  change  in  their  ex- 
ternal   or    internal    properties,     or    fcarce    any 
change  J;  and  that  fome  are  perfectly  compact 
(that  is,  deflitute  of  pores),  namely,  thofe  that 
are  buried  under,  not  other  lavas,  but  under  an 
entire   and  immenfe   volcano  § ;    he,    therefore, 
gives  up  the  idea  of  finding  thefe  not  only  in  the 
beds  of  modern,  but  even  in  thofe  of  extintt  an- 
cient volcanos.     Hence  he  tells  us,  that  they  are 
much   more  common  in  extinct  volcanos ;  and 
that  in  JEtnz  they  do  not  conftitute  the  -r^Vs-  Part 
of  the  whole  ;  whereas  in  Vivarois  and  Auvergne 
they  form  whole  mountains.     Now  moft  of  thefe 
ancient  volcanos  of  the  Vivarois  appear  to  me, 
and  many  others,  to  be  mere  creatures  of  imagi- 

*  Lithol.  Vefuv.  L.  LIII. 

t  Lithol.  Veiuv.  LI. 

j  De  prodotti.  Volcan.  p.  162,  Ponces.  170,  &c, 

§  Ibid.  179. 

nation, 
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nation,  and  confequently,  until  the  fubftances 
they  contain  are  proved  to  have  been  in  fufion, 
no  definition,  grounded  on  the  appearances  of 
thefe  fubftances,  can  pafs  for  that  of  real  compact 
lava. 

In  beds,  however,  of  real  undifputed  lava  fome 
parts  are  found,  that,  having  been  preffed  by 
the  fuper-incumbent  weight,  are  more  compact 
than  common  porous  lava ;  and  thefe,  compara- 
tively to  the  former,  may  be  called  compact ; 
but  fcarcely  more  than  a  few  fquare  inches  of 
their  fubftance  is  destitute  of  vifible  pores. 

Their  colour  is  brown,  yeliowiih,  reddifli 
brown,  bluifh,  or  black,  more  rarely  grey.  Their 
luftre,  o.i.  Tranfparency,  o.i. 

Their  fracture,  earthy,  or  fine  fplintery,  more 
rarely  foliated,  and  prefent  fmall  internal  pores, 
if  of  fufficient  fize,  in  fome  part  of  their  fub- 
ftance. 

Hardnefs,  from  7  to  9.  Specific  gravity,  2,75 
to  288. 

Much  circumfpeclion  is  requifite,  in  framing  a 
defcription  of  compact  lava,  from  a  view  of  the 
fpecimens  brought  to  us  from  volcanic  countries, 
as  they  are  all  collected  by  perfons,  who  take  in- 
difcriminately  from  real,  and  from  fuppofed,  vol- 
canic currents,  even  from  mountains  in  which  no 
volcano  ever  exifted. 

To  form  a  true  idea  of  thefe  lavas,  we  ihould 
attend  to  the  following  circumftances: 

ift,  That  the  heat  of  moft  volcanos  (I  ex- 
clude thofe  that  for  the  moft  part  produce  only 
vitrified  fubftances)  feldom  reaches  ico%  of 
"Wedgewood;  the  proof  of  which  is,  that  a'.moft 
all  real  lavas,  whether  cellular  or  compact,  are 
vitrifiable  at  that  degree.  Since,  therefore,  they 
D  d  4  were 
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were  not  vitrified  in  the  volcano,  it  is  plain  tha? 
in  it  they  did  not  attain  that  degree;  90  or  95 
degrees  may  then  be  aflumed  as  the  average  heat 
of  moft  volcanos. 

2d,  In  this  heat,  many  ftones  of  the  argilla- 
ceous genus,  as  traps,  hornblends,  and  argillites, 
undergo  a  change ;  for  they  alter  their  colour, 
become  porous,  aflume  a  porcelain  grain,  and 
confequently  begin  to  vitrify,  as  I  have  found 
on  repeated  trials ;  but  they  never  flow  in  this 
heat,  nor  confequently  form  a  lava ;  but  bitu- 
men will  flow  in  this  heat,  and  even  in  one  much 
inferior,  and  be  decompofed.  If,  therefore,  the 
argillaceous  ftones  be  mixed  with,  and  drenched 
in,  bitumen,  they  will  be  foftened  by  it,  and  flow 
with  it ;  and  where  the  air  erupting  both  from 
them,  and  the  decompofing  bitumen  has  mofl 
liberty  to  efcape,  it  will  tumify,  burft  through  the 
liquid  mafs,  and  form  cellular  lava,  but,  where 
it  is  more  comprefied,  lefs  of  it  will  be  difengaged, 
and  the  lava  will  be  compaft,  and  refemble,  in 
fome  degree,  the  original  ftone  of  which  it  is 
formed. 

3d,  Stones  of  the  filiceous  genus  undergo  no 
change  in  this  heat,  not  even  Ihorls  or  felipars ; 
and  hence,  though  immerfed  in  the  fiery  torrent, 
they  cannot  with  propriety  be  called  lavas,  as 
they  are  not  even  foftened  by  the  mixture  of 
bitumen,  as  ftones  of  the  argillaceous  genus  are. 

Between  filiceous  and  argillaceous  ftones  there 
are  many  gradations,  and  various  mixtures, 
which  muft  occafion  correfponding  varieties  in 
the  eflefts  which  heat,  and  various  other  circum- 
ilances  may  produce.  It  is  fufficient  here  to 
eftablifh  the  principles  on  which  moft  of  them 
may  be  explained.  Compact  lavas  abound  in 

heterogeneous 
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heterogeneous  fubftances  which  either  have  no£ 
been  fufed,  or  only  partially  fufed,  or  fcorched, 
or  decompofed  by  heat,  as  felfpar,  fhorls,  gar- 
nets, zeolytes,  &c.  Every  volcano  has  fome 
that  are  peculiar  to  it.  Thus  the  lavas  of  Vefu- 
vius  abound  in  that  called  white  garnet,  and 
which  I  call  Vefuvian  ;  thofe  of  ^Etna  abound  in 
felfpar,  &c. 

Hence  wemufl  exclude  from  the  rank  of  lavas 
all  ftones  which  do  not  appear,  either  from  their 
external  characters,  nor  local  circumftances,  ever 
to  have  been  foftened  by  heat;  and  confequently 
all  thofe  detached  pieces,  which  are  eje&ed  at  the 
beginingof  an  eruption  without  fufion,  and  many 
others  which  volcanic  colle&ors  enumerate  among 
compadt  lavas,  merely  from  having  found  them 
in  the  vicinity  of  volcanos.  Thus  Mr.  Dolo- 
mieu,  Lipari  8$,  reckons  among  volcanic  ftones 
one,  in  the  interior  of  which  he  diflincl:Iy  per- 
ceived a  leaf  of  fea-weed.  Few,  indeed,  are  the 
ftones  contained  in  his  catalogue  which  can  be 
deemed  really  volcanic?  p.  70,  of  the  fame  trea- 
tife,  he  tells  us,  that  the  lava  which  burft  from 
the  fides  of  Mtna  in  1669,  had  for  its  bafis  a  gra- 
nite no  way  altered-,  but,  when  he  expreffly  treats 
of  the  produces  of  ^!tna,  he  tells  us,  UMtna 
paroit  n*  avoir  jamais  traits  le  granite.  The  mif- 
takes  of  this  great  man,  for  fuch  I  certainly  hold 
him,  have  had  fo  wide  a  fpread,  and  have  milled 
fo  many  who  have  not  had  an  opportunity  of 
viewing  volcanic  countries,  that  I  feel  myfelf 
neceffitated  to  detect  them ;  a  liberty  which,  I  am 
perfuaded,  his  candour  and  love  of  truth  will 
readily  induce  him  to  excufe. 

All  real  lavas  except  thofe  of  the  vitreous  kind 
affedt  the  magnetic  needle,  unleis  the  iron  they 

contain 
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contain  be  much  oxygenated,  as  it  often  is  in 
thofe  of  a  red  colour,  but  even  thefe  are  fre- 
quently magnetic  by  reafon  of  the  Ihorls  embo- 
died in  them. 

The  component  ingredients  of  lavas  are  va- 
rious, according  to  the  nature  of  the  original 
flones,  and  the  accidents  they  meet  with  in  their 
liquified  flate.  Mr.  Dolomieu  found  them  to 
contain  from  40  to  60  per  ct.  of  filex,  from  1 6  to 
3  of  magnefia,  from  5  to  i  of  calx,  and  from  6 
to  25  of  iron.  Ponces,  184. 


§  v. 


Of  Volcanic  Afhes,    Sand,   Pouzzolana,   Trafs, 
Tufa,  and  Piperino. 


I  ft,  Of  Volcanic    Afhes. 

Their  colour  is  brownifh  or  reddifh  grey. 

Of  a  loofe  and  dully  confidence,  very  light  and 
fubtle,  and  fmooth  to  the  touch. 

Slowly  diffufible  in  water,  and  when  wet  fpme- 
what  duftile. 

They  effervefce  flightly  with  acids,  and  con- 
tain about  |  their  weight  of  argill,  a  fmall  pro- 
portion of  calx,  magnefia,  andiron;  and  the  re- 
mainder is  filiceous. 

In  different  volcanos,  nay  in  different  eruptions 

of  the  fame  volcano,  the  properties  differ.    Mag- 
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netifm  in  them  is  merely  cafual,  few  of  them 
poiTefs  it.  Dolom.  on  Bergm.  p.  26. 

Though  Dolomieu,  Ponces,  337,  thinks  thefe 
aflies  have  no  refemblance  to  thofe  of  common 
inflammable  fubftances,  yet,  as  well  by  their  ex- 
ternal appearance  as  by  their  analyfis,  they  ap- 
pear to  me  exactly  the  fame  as  thofe  that  pro- 
ceed from  various  forts  of  coal.  From  what  elfe 
but  the  combuftion  of  coal  could  the  thick  black 
fmoke  arife  which  always  precedes  the  eruption 
of  afhes  ?  furely  not  from  the  combuftion  of 
fulphur  or  pyrites  !  All  volcanos  contain  coal  and 
bitumen,  whofe  combuftion  muft  produce  afhes. 
Immenfe  quantities  muft  be  confumed  before 
lava  can  be  formed;  and  hence  afhes  always  pre- 
cede lava. 

Volcanic  fand  confifts  of  minute  hard  grains, 
that  readily  fink  in  water,  generally  fragments  of 
lava  and  fcoria?,  together  with  olivin,  garnets, 
feifpar,  and  fhorl.  Dolomieu.  Ibid. 


2d,  Of  Pouzzolana  *. 

Reddifh,  or  reddifh  brown,  grey,  or  greyim 
black.  That  of  Naples  is  generally  grey,  that 
of  Civita  Veichia  more  generally  reddim,  or  red- 
difh brown.  Dolomieu's  Notes,  32, 

Its  furface  rough,  uneven,  and  of  a  baked  ap- 
pearance. It  comes  to  us  in  pieces  of  from  the 
fize  of  a  nut,  to  that  of  an  egg. 

Its  internal  luftre,  o.     Its  tranfparency,  o. 

*  34  Mem.  Stock.  27,  and  31.  Gioeni  LXVI.  Uolom. 
Notes  32. 

Its 
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Its  frafture  uneven,  or  earthy,  and  porous* 
commonly  filled  with  particles  of  pumice,  quartz* 
fcorise,  &c. 

Hardnefs,  3.  Very  brittle.  Sp.  gr.  from  2,570, 
which  is  that  of  the  black,  to  2,785,  rarely  2,8. 
Has  an  earthy  fmell. 

It  is  not  difTufible  in  cold  water,  but  in  boiling 
water  it  gradually  depofites  a  fine  earth.  It  does 
not  eflfervefce  with  acids. 

Heated  it  affumes  a  darker  colour,  and  eafily 
melts  into  a  black  flagg,  or  with  borax  into  a  yel- 
lowiih  green  glafs. 

It  is  magnetic  before  it  is  heated,  but  not 
after.  This  is  the  moft  remarkable  of  its  pro- 
perties. 

By  Mr.  Bergman's  analyfis,  it  contains  from 
55  to  60  per  ct.  of  (Ilex,  19  to  20  of  argill,  5  or 
6  of  argill,  and  from  15  to  20  of  iron.  3  Bergm. 
p.  194. 

When  mixed  with  a  fmall  proportion  of  lime 
it  quickly  hardens,  and  this  induration  takes 
place  even  under  water.  This  fingular  property 
appears  to  me  to  proceed  from  the  magnetic  ftate 
of  the  iron  it  contains,  for  this  iron  being  unoxy- 
genated,  fubtilly  divided,  and  difperfed  through 
the  whole  mafs,  and  thus  offering  a  large  furface, 
quickly  decompofes  the  water  with  which  it  is 
mixed,  when  made  into  mortar,  and  forms  a 
hard  fubftance  analogous  to  the  fpecular  iron  ore 
as  it  does  in  the  iron  tubes,  in  which  water  is 
decompofed,  in  Mr.  Lavoiiier's  and  Dr.  Prieftley's 
Experiments.  For  in  thefe  the  iron  fwells  and 
increafes  in  bulk,  Mem.  Par.  1781,  p.  277. 
And  io  does  pouzzolana  when  formed  into  mortar. 
Higgins  on  Cements,  125.  One  principal  ufe  of 
lime  feems  to  be  to  heat  the  water,  as  while  cold 

it 
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jt  cannot  readily  pervade  the  caked  argill  that 
inverts  the  ferruginous  particles,  yet  in  time 
even  cold  water  may  pervade  it,  and  produce 
hardnefs;  and  hence  lavas  become  harder  when 
moiflened,  as  Mr.  Dolomieu  has  obferved. 
Ponces,  417.  If  the  mortar  be  long  expofed  to 
the  atmofphere,  fixed  air,  as  well  as  pure  air, 
will  unite  to  the  iron,  ruft  will  be  produced,  and 
the  mortar  will  not  then  harden,  as  Dr.  Higgins 
has  alfo  noticed.  Clay,  over  which  lava  has 
flowed,  is  frequently  converted  into  pouzzolana. 
Ponces,  332.  But  volcanic  fcorise  never  afford 
it;  ibid.  ;  either  becaufe  they  are  much  calcined, 
or  retain  fulphur,  or  its  acid. 


gd,  Trafs,  or  Terras  *, 

I  couple  this  with  pouzzolana,  on  account  of 
their  iimilarity  to  each  other,  and  not  becaufe  I 
look  upon  it  as  constantly,  and  neceflarily,  a 
volcanic  production.  On  the  contrary,  I  believe 
it  to  be  generally  the  product  of  pfeudo-volcanos, 
or  external  fires. 

It  is  found  in  many  places,  but  principally 
near  Andernach,  in  the  vicinity  of  the  Rhine, 
alfo  near  Frankfort,  Cologne,  Pleith,  &c.  and 
there  called  tuffstein. 

Its  colour  is  grey  brown  or  yellowifli. 

Its  furface  rougb  and  porous. 

Its  luftre  and  tranfparency,  o. 

Its  fradlure,  commonly  earthy,  rarely  lamellar; 
it  contains  fragments  refembling  pumice  (though 
pot  real  pumice,  Voight  Fulda.  221);  alfo  frag- 

*  32  Mem.  Stock.  51. 
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ments  of  arglllite  and  bafaltine;  often  branches  of 
trees  half  cleared,  and  impreffions  of  leaves,  a 
Nofe  182.  Mica,  iron  ore,  and  other  hetero- 
geneities, are  more  frequent  in  it  than  in  pouzzo- 
lana.  3  Bergm.  196. 

Its  hardnefs,  from  5  to  7. 

Feels  dry  and  harfh.  Scarcely  effervefces  with 
acids. 

It  is  not  diffufible  in  cold  water,  but  in  hot 
it  gives  an  earthy  fmell,  and  depoiites  a  finer 
earth. 

It  meltsinto  a  greyifli  brown  flagg. 

It  is  found  in  valleys  fome  feet  under  the  fur- 
face,  to  which  no  ftreams  of  water  have  had  ac- 
cefs.  Sometimes  in  columnar  maffes  of  a  grey, 
or  Ifabella  yellow  colour,  fome  round  and  fome 
quadrangular,  (landing  clofe  to  each  other,  and 
forming  internally  one  common  mafs.  3  Eerl. 
Beob.  199. 

According  to  Mr.  Bergman  it  confifts  of  nearly 
the  fame  principles  as  pouzzolana,  only  the  cal- 
careous feems  more  plentiful  in  this. 

Artificial  terras,  or  pouzzolana,  is  made  by 
burning  clays  or  Hates  that  bound  in  iron,  and 
then  grinding  them  to  a  fine  powder. 


4th,  Tufas*. 

Thefe  feem  to  be  a  pouzzolana  formed  by  na- 
ture into  a  mortar. 

Their  colour,  brown,  or  reddifh  brown,  brick 
red,  or  fpeckled  with  various  colours,  or  green. 

*  Gioeni    LXXVII,     and    174.      Polom.    Notes,    34, 

and  233-  T     ,, 
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Luftre  and  tranfparency,  o. 

Fradture,  earthy,  contain  fand,  fcorise,  frag- 
ments of  lava,  limeftone,  and  pumice,  often 
bafaltines  and  Vefuvian.  Hardnefs,  6. 

Commonly  magnetic,  and  not  eafily  decom- 
pofed  by  the  aclion  of  the  air. 


^th,  Piperino  *. 

This  alfo  feems  a  concretion  of  volcanic 
afhes,  and  is  faid  to  be  the  fubftance  that  covers 
Pompeia. 

Its  colour,  grey,  or  reddiih  brown.  Its  luflre 
and  tranfparency,  o. 

Its  fra&ure  earthy,  contains  fragments  of  white 
marble,  felfpar,  mica,  garnets,  fcori^,  gypfum, 
fhorl,  granite,  &c. 

Its  hardnefs,  6. 

Sometimes  magnetic,  fometimes  not. 

It  feems  to  differ  from  tufas,  in  containing 
more  heterogeneities,  being  in  fact  a  kind  of 
porphyry  or  breccia,  and  being  more  eahly  de- 
compofed  by  expofure  to  mixture  and  the  open 
air,  but  if  preferved  from  moifture  it  hardens 
when  expofed  to  the  air. 


6th,   Pumice, 
i  (I  Variety. 

Its  colour  grey,  or  greyifh  white,  rarely  brown, 
or  blackened  by  fuliginous  fumes. 

*  Dolom.  Notes,  34,  and  233. 

Its 
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v  Its  furface  rough  and  fibrous,  with  elongated 
pores. 

Its  luftreglafiy  2.    Tranfparency  1.2. 

Its  fradture  ftriated  and  open.  Fragments, 
oblong  and  obtufe. 

Its  hardnefs,  3.  Brittle  in  a  high  degree.  Sp. 
gr.  below  i. 


2d  Variety. 

Its  colour  grey,  or  brownifli  grey,  rarely  red. 

Its  furface  rough  and  dull,  with  exceeding 
fliinute  pores.  Its  fibres  not  discernible. 

Its  luftre  and  tranfparency,  o. 

Its  fracture,  uneven  and  fplintery.  Fragments 
irregular  and  obtufe. 

Its  hardnefs,  3.     Sp.  gr.  o. 

Both  are  fufible  at  130°,  into  a  grey  flagg.  2 
Gerh.  Gefch.  42. 

Mr.  Dolomieu  mentions  two  other  varieties 
heavier  than  water,  and  confiderably  harder  than 
thefe.  1  fhould  rather  call  them  pumiceous  mix- 
tures ;  he  does  not  defcribe  them. 


§  VI. 


Of  Stony  Subftances  ejected,  unaltered,  or  but 
flightly  injured. 

Not  only  fliorls  and  garnets  have  been  ejected 
from  volcanos  unfufed,  but  even   calcareous  and 

flupr 
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fluor  fpars,  with  their  tranfparency  unimpaired  *; 
which  could  not  happen  if  they  had  been  expofed 
even  to  the  lowed  red  heatj  we  mud  fuppole 
them,  therefore,  to  have  been  expelled  by  the 
mere  force  of  the  exploding  elaftic  fluids,  whofe 
power  is  fully  equal  to  fuch  an  effect,  fince  when 
confined  they  ihake,  agitate,  and  convulie  whole 
mountains. 

Earths  of  the  argillaceous  and  muriatic  genera 
expofed  to  the  llighter  degrees  of  heat,  as  clays 
and  fteatites,  are  barely  hardened  ;  and  (lones  of 
thefe  genera  lofe  their  luftre  and  tranfparency. 
In  a  greater  they  become  porous.  Stones  of  the 
liliceous  genus  alfo  lofe  their  luflre  and  tranfpa- 
rency, and  become  brittle. 

Granites  have  been  found  in  beds  of  lava  in 
different  dates ;  thofe  on  the  furface  of  the  bed 
have  had  their  felfpar  fomewhat  altered,  being 
there  expofed  to  actual  flame.  But  thofe  in  the 
center,  having  never  been  in  fufion,  are  only 
rendered  more  brittle  -f-. 

In  the  fame  manner  porphyries  have  been  in- 
volved in  beds  of  lava,  even  porphyries  that 
have  hornblende  for  their  bafis,  without  having 
thereby  fuffered  any  alteration"];;  an  evident 
proof  of  the  low  degree  of  heat  which  generally 
prevails  in  volcanos. 

In  vain  have  fome  philofophers  of  late  at- 
tempted to  account  for  thefe  appearances,  by 
afcribing  them  to  the  fufion  of  granites  and  por- 
phyries under  an  immenfe  preflure. 

Before  an  effect  can  with  any  degree  of  proba- 
bility be  afcribed  to  a  given  caufe,  the  exiftence 

*  Do! om.  Notes,  227. 
f  Dolom.  Notes,  76. 
;  Ibid.  78. 

E  c  of 
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of  that  caufe  muft  either  be  certain,  or  at  leaft 
probable ;  and  the  caufe,  if  it  does  exift,  muft  be 
known  to  be  adequate  to  the  effeft  afcribed  to  it. 
Now  the  above  affertion  is  incompatible  with 
both  thefe  maxims ;  for,  firfl,  the  exigence  of  a 
degree  of  hear,  fufficient  to  melt  the  immenfe  ex- 
ifting  maffes  of  granite,  has  never  yet  been 
proved,  nor  has  the  flighted  inducement,  even  to 
iufpect  it,  ever  yet  been  offered ;  on  the  contrary, 
it  is  repelled,  and  glaringly  contradicted  by  every 
phenomenon. 

Secondly,  If  fuch  a  heat  could  be  proved  to 
to  exift,  this  would  not  be  fufficient ;  the  exiftence 
of  a  prefTure,  fufficient  to  ftifle  the  eruption  of  all 
the  elaflic  fluids  it  would  tend  to  evolve,  fhould 
allb  be  proved  :  how  can  it  ? 

Thirdly,  If  all  this  were  evident,  flill  fuch  a 
caufe  would  be  inadequate  to  the  effect ;  in  gra- 
nite three  or  more  diltinct  fpecies  of  done  adhere, 
unmingled  with  each  other.  Is  this  the  effect  of 
any  fulion  of  ftony  matter  ever  yet  obfcrved  ? 
have  ftones,  one  of  which  is  a  flux  for  the  other, 
ever  yet  remained  feparate,  though  both  in 
fulion  ? 

After  all,  why  thus  war  with  all  known  expe- 
riments and  analogies  ?  No  other  caufe  is  affigned 
but  thejuppo/ed  origin  of  baialt  from  fufion,  and 
the  near  approach  of  this  ftone  to  granites. 
*'  Notwithstanding  (fays  Dr.  Beddoes)  the  recent 
ct  objections  of  Mr.  Werner,  I  fliail  affume  the 
"  origin  of  bafaltes  from  lubterraneous  fufion, 
"  as  thoroughly  e(iab!i(hed  by  various  authors," 
and  the  near  approach  and  connection  of  bafalc 
with  granite  that  both  have  had  the  fame  origin, 
that  is,  have  been  produced  by  the  fame  natural 

caufe, 
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caufe,  I  fhall  not  difpute ;  but  that  bafalt  was  never 
actually  fufed  will  clearly  be  feen  in  a  fubfequent 
fedtion. 


CHAP.     II. 


Of  Pfeudo-Volcanos,  and  Superficial  Fires. 

Pfeudo-volcanos  are  fo  called,  becaufe,  like 
volcanos,  they  emit  fmoke,  and  fometimes  fl.-vme, 
but  never  lava,  in  which  refpedt  they  differ  from 
true  volcanos.  Moft  of  thefe  are  coal  mines  \vhich 
have  accidentally  taken  fire;  fome  appear,  how- 
ever, to  be  natural,  as  feveral  in  Kamfchatika 
and  Peru.  In  Europe  thefe  pfeudo-volcanos  are 
not  uncommon.  Thus  a  coal  mine  in  the  mountain 
of  Fontaynes,  in  Rouergue,  having  taken  fire  in 
1770,  has  continued  to  emit  fmoke  and  flame 
and  fulphureous  fumes  ever  lince.  Mem.  Par. 
1781,  p.  201.  Sulphur  has  been  fublimed 
from  it ;  for  it  is  found  on  the  trunks  of  trees 
growing  on  its  furface,  ana  alfo  cryftallized  fa  I 
ammoniac. 

The  mountain  of  Cranfac  has  continued  burning 
ever  fince  the  year  140?.  In  the  mountain  of 
Scadalia  another  pfcudc-vol,:am>  near  that  of 
Cranfac;  but  fprings  have  been  to;iiKU,  iome  of 
which  have  now  loft  their  heat,  as  the  fuel 
which  occasioned  it  has  been  confuted.  Mem. 
Paris.  Ibid. 

Thefe   mountains  not  only  produce    fulphur, 

fal  ammoniac,  and  other  fairs  found  in  true  vol. 

E  e  2  canos, 
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canos,  but  alfo  tufas,  fcorias,  and  porous   lava. 
Ibid.  224.     And  alfo  tripoli  and  pouzzolana. 

Superficial  combuftions  ate  not  uncommon, 
and  produce  fingular  effects,  which  have  often 
been  miftaken  for  thofe  of  true  volcanos.  Among 
others,  columnar  argillaceous  iron  ore,  Hates 
converted  to  flaggs,  and  others,  with  vegetable 
impreffions. 


CHAP.     III. 


Of  the  Diftinctive  Characters   of  Volcanic  and 
Neptunian  Mountains. 

Thefe  are  taken  from  the  form  and  arrange- 
ment, or  from  the  nature  of  the  materials  of  which 
thefe  mountains  are  formed. 

The  peculiarities  of  volcanic  mountains  are,  iff, 
That  they  ftand  fingle  and  unconnected,  are  of  a 
conic  form,  and  are  furnifhed  with  an  opening  of 
the  fhape  of  a  funnel,  or  inverted  cone  called  the 
crater. 

2d,  A  total  abfence  of  Gratification  near  the 
crater,  for  jiere  the  volcanic  cinders,  fcorias,  and 
afhes  mixed  with  fulphur  and  indurated,  lie  in 
confuted  heaps. 

^d,  A  Gratification,  where  any  is  found,  pe- 
culiar to  volcanos,  that  is  unequally  diffufed  and 
confufedly  arranged;  for  this  ft  ratification,  fuch 
as  it  is,  arifes  from  the  liquid  matter  ejected  by 
the  volcano  at  different  periods.  Now,  at  each 
period  the  matter  gradually  cools  as  it  defcends ; 

none 
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none  but  the  hottefl  part  extends  to  a  great  dif- 
tance ;  and  hence  it  is  always  denfeft  where  nearer 
to  the  crater  or  opening  from  which  it  iffues, 
than  at  a  great  diftance  from  it;  and  the  lavas  of 
different  periods,  being  unequally  heated,  muft 
be  diffufed  in  a  manner  very  different  from  each 
other,  and  conftitute  beds  of  very  unequal  den- 
lities.  Befides,  the  cone  itfelf  being  formed  by  a 
long  fucceffion  of  eruptions,  the  firlt  having  met 
with  little  or  no  declivity,  have  remained  near 
the  mouth  of  the  volcano.  Moreover,  eruptions 
from  the  fides  of  the  cone  often  happen,  which 
burfting  through  the  former  beds  of  lava  occa- 
fion  a  {till  greater  irregularity  in  the  general  ar- 
rangement. 

4th,  The  form  of  a  bed  of  lava  is  always 
narrower  near  the  crater,  or  mouth  from  which 
it  burft;  for  it  expands  as  it  proceeds  to  a  greater 
diftance. 

5th,  Metallic  veins  are  never  found  in  beds  of 
lava,  nor  indeed  veins  of  any  kind,  at  leall  of 
any  extent,  being  incompatible  with  the  confu- 
fion  that  reigns  in  them.  Now  /Etna  is  faid  to 
contain  veins  of  various  metals,  the  part  that 
contains  them  is  therefore  not  of  volcanic  origin. 

Again,  the,  fubftances  peculiar  to  volcanos 
are  thole  of  volcanic  origin ;  many  of  tnem, 
however,  may  o\ve  their  production  to  pfeudo- 
volcanos,  as  we  have  feen;  and  therefore,  if  local 
circumftances  be  not  a  lib  attended  to,  may  occa- 
lion  confiderable  miftakes.  1  hefe  fubflances  are 
pumice,  volcanic  afhes,  pouzzolana  tufas,  pi  fe- 
rine, vitrifaitions,  porous  and  co:nj>t<ft  lavas, 
each  of  which  (hould  carefully  be  ex  nincd  to 
diflinguifh  it  from  other  iubftanccs  produced  in 
E  e  3  the 


422,  Second  Appendix. 

the  moiCc  way,  which  at  firft  fight  may  be  found 
to  refemble  it. 

i ft,  Pumice;  this  of  all  fubftances  is  mod  pecu- 
liarly appropriated  to  volcanos,  particularly  that 
of  the  firft  variety ;  vet  iometimes  a  compacted 
congeries  of  felfpnr,  and  fhorl,  cryflals  with  fome 
fcales  of  mica,  have  been  miflaken  for  it;  2 
Nofe.  p.  183;  nor  is  mere  floating  on  water  a 
fufficient  character  whereb>  to  diftinguifh  pumice, 
for  various  porous  lavas  float  on  water;  Fauj. 
Mineral,  des  Volcan.  265;  fo  alfo  do  the  fcori^ 
of  fome  flares  which  alfo  have  a  greenifi*  grey 
colour,  i  Sauff.  78.  It  ihould  allo  be  remem- 
bered, that  pumice  as  it  floats  on  water  may  be 
conveyed  from  a  great  diftance. 

2d,  Volcanic  Ajhes\  thefe,  when  indurated, 
much  refemble  wacken ;  and  accordingly  this 
laft  has  often  been  taken  for  them.  Mr.  Doio- 
mieu  has  fallen  into  this  miftake  in  his  defcription 
of  Lipari,  p.  57,  as  muft  be  evident  to  any  im- 
partial pcrfon  that  cor.liders  it.  Others  have 
taken  cornminured  argiiiire  for  volcanic  alhes. 
2  Nofe.  158. 

jd,  Pouzzohma ;  decayed  traps,  or  trap  por- 
phyries, particularly  when  compacted  with  clay, 
much  reitmble  pouzzolana,  and  often  anfwer 
the  fame  purpofes;  therefore  they  have  often, 
palled  for  it.  See  i  Note.  64,  65  ;  i  Nofe.  74. 
11  ;  Nev.  Entd.  p.  69;  and  LefkeG.zcg,  221. 

/j.th,  Tujiis  ;  wacken  has  been  iometimes  taken 
for  thtfe. 

5th,  Pip-.rino]  amygdalo-cs,  out  of  which  their 
kerne!  >  i.ad  fallen  by  decay,  fometimes  refemble 
this  (lone;  fo  alfo  do  dtca)  cd  traps,  or  bafalts. 
i  Bergbau.  398. 

6th, 
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6th,  Vhrifaftions ;  hyalite,  othervvife  called 
muller's  glafs,  has  pafled  upon  many  as  a  product 
of  heat,  the  infuuble  at  150°;  glittering  frag- 
ments of  felfpar  bear  often  a  deceitful  refemblance 
to  glafs. 

7th,  Porous  lavas ;  Amygdaloids  with  a  trap 
bafis,  and  argillites  often  refemble  thefe  fo  ftrongly 
that  Mr.  Sauffure,  who  found  fome  on  the  Alps, 
owns  he  would  have  taken  them,  if  he  met  them 
elfewhere,  for  genuine  lavas,  i  SaufT.  p.  142, 
143.  Mr.  Dolomieu  cautioufly  marks  this  fource 
of  delufion.  "  Eafy  as  it  may  appear  (fays  he) 
"  to  diftinguifli  cellular  lava,  the  obferver  fhould 
"  be  very  circumfpect,  and  examine  with  atten- 
"  tion  the  local  circumftances,  before  he  can 
**  decide  on  the  nature  of  a  porous  flone  he  may 
f(  meet.  External  appearances  may  deceive; 
"  there  are  rocks  which  by  their  decompofition 
"  acquire  pores  though  they  have  no  relation  to 
((  voicanos.  I  have  ieen  ferpentines  partly  de- 
*f  cayed  by  expofure  to  the  air,  in  which  round 
*c  irregular  cavities  were  formed  perfectly  refem- 
"  bling  the  pores  of  lavas.  Some  are  capable  of 
"  forming  the  moft  perfect  illufion.  I  found  on 
<f  the  Pyrenees  hornblende  fo  altered  by  the 
*'  viciffitudes  of  the  atmofphere  as  to  contain  as 
"  many  cells  and  cavernofides  as  certain  blocks 
**  launched  trom  a  volcano."  Ponces,  276. 

Mr.  Dolomieu,  it  is  plain,  was  well  aware  that 
fubftances  found  in  countries  not  volcanic  could 
not  owe  their  origin  to  voicanos.  But  unhappily 
he  did  not  confider  that  all  fubftances  found  in 
volcanic  countries  were  not  on  that  account  ne- 
ceffanly  volcanic.  Here  lies  the  fource  of  the 
numerous  deceptions  with  which  his  account  of 
the  Lipardi  iflands  abounds.  Similitude  and  ana- 
E  e  4  logy 
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logy  to  real  and  acknowledged  lavas,  or  at  leafl 
fuftbility9  enters  as  neceflarily  into  the  proof  of 
the  volcanic  origin  of  any  foffil  as  the  mere  cir- 
cumflance  of  locality.  It  is  the  union  of  both  that 
makes  the  proof  complete. 

Mr.  Fan'] as,  whofe  teftimony  on  this  occafion 
is  above  exception,  acknowledges  that  traps  and 
porphyries  may  aflume  the  appearance  of  lavas, 
Ib  completely,  as  to  lead  the  mod  experienced 
obfervcrs  info  error,  if  local  circumflances  be  not 
attended  to.  Ic  is  by  attention  to  them  that  he 
has  ihewn  that  neither  the  toadftone  of  Derby- 
ihii  e,  nor  the  whinftone  of  Scotland,  are  really 
volcanic  *. 

Dr.  Prieftley,  among  his  numerous  difcoveries, 
feems  to  have  found  a  decifive  character  of  lavas: 
he  obfened  that  real  lavas  yield  but  little  air,  an 
ounce  not  affording  above  5,5  ounce  meal  u  res  of 
air,  and  fometimcs  fcarce  any.  Whereas  ficflidous 
lavas,  as  bafalts,  &c.  yield  from  20  to  30  ounce 
meafures.  6  Pri.  217. 

I  have  often  found  real  lava  to  yield  hepatic  air, 
bafalt  never. 

Sonic  (tones  which  confeffedly  have  been  formed 
by  means  of  water,  have  nevertheleis  had  a  vol- 
canic origin  afcribed  to  them.  They  have  been 
deduced  from  muddy  eruptions,  of  which  feveral 
are  faid  to  have  iflued  from  Vefuvius  in  the  laft 
century.  Signior  Gioeni,  however,  one  of  the 
lateft  and  moil  judicious  obfervers  of  that  vol- 
cano, fatisfa&prily  refutes  this  opinion.  That 
water  ihould  be  collected  in  tne  focus  of  an  aclive 
volcano,  is  indeed  incredible.  Some  may  incited 
be  formed  during  the  infiamm/uiori,  but  in  a 

*  Sur  les  Traps,  23,  46,  62. 

quantity 
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quantity  too  inconliderable  to  form  a  mud.  The 
greater  part  of  that,  which  has  been  obferved  to 
attend  eruptions,  proceeds  from  the  refervoirs  or 
caverns  filled  with  water  in  the  body  of  the 
mountain.  This  in  the  convuliions  attending 
eruptions  mud  often  be  thrown  out,  and  pour 
down  in  torrents. 

In  the  Hiftory  of  the  Globe  we  meet  with  only 
two  accounts  of  the  fubmerfion  v;;  the  earth  under 
water,  the  firft  happened  antecedently  to  the 
creation  of  animals,  and  the  fecond  at  the  time 
of  the  general  deluge.  During  the  period  of  the 
firlt  fubmerfion,  tubmarine  volcanos  very  proba- 
bly exiiled  and  to  them  the  excavation  of  the  bed 
of  the  ocean  may  be  arrrioiued.  But  thefe  lavas 
could  not  involve  or  cover  marine  animals,  as  thefe 
did  not  then  exifl.  During  the  fecond  period 
alfo  volcanos  might  have  been  in  an  active  ftate, 
and  marine  animals  be  buried  under  their  ejec- 
tions. Thus  far  we  are  under  the  guidance  of 
hiitory.  But  if  we  proceed  farther,  and  affume 
alternate  itratificatiqns  of  marine  and  volcanic 
productions,  we  muft'have  either  particular  hifto- 
rical  evidence  to  reft  upon,  or  undoubted  proofs 
that  :he  fubftances  afl'umed  to  be  volcanic  are 
really  fuch. 

Mountains  of  Neptunian  origin  are  diflin- 
guifhed  by  their  materials,  and  often  by  the  ar- 
rangement of  thofe  materials. 

lit,  Mountains  confiitkig  of  granite,  gneifs, 
jafper,  argiilites,  ferpentines,  limeftones,  are  con. 
fefledly  of  Neptunian  origin  ;  fo  alfo  are  thofe  that 
con  lilt  of  ftrata  of  coal,  clay,  fandftone,  marl, 
&c.  So  alib  are  thofe  in  which  metallic  flrata, 
or  veins,  are  found. 
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2d,  The  affinity  and  order  that  fubfifts  between 
the  different  llrata  often  evince  a  Neptunian^  ori- 
gin :  thus  if  we  fee  a  hard  (lone  paffing  by  imper- 
ceptible degrees  into  a  fofter  which  is  not  of  volca- 
nic origin  (or  vice  veria),  and  this  into  clay,  and 
the  clay  into  quartz,  we  may  fairly  conclude  that 
the  firft  in  the  ieries  is  not  volcanic.  This  mode  of 
inquiry  has  been  invented  and  fuccefsfully  pur- 
fued  by  Mr.  Werner, 

gd,  As  the  Neptunian  is  by  far  the  mofl  general 
origin  of  (tones,  it  may  always  be  prefumed,  un- 
til proofs  of  a  volcanic  origin  be  adduced. 


CHAP.    IV. 


Of  Stones  to  which  a  Volcanic  Origin  has  been 
improperly  afcribed. 


Of  Shorls,  or  Bafaltines,  and  White  Garnets. 

It  is  now  generally  agreed  among  volcanic  ob- 
fervers,  that  the  fhorls  found  in  lavas  (more 
properly  called  baialdnes)  pre  exifted  in  the  rocks 
which  were  the  mother  Hones  or  bafis  of  lavas 
before  the  eruption,  and  were  not  formed  by  fub- 
fequent  percolation  through,  and  cryftallization 
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in  the  melted  lava.    This  conclufion  is  grounded 
on  the  following  reafons : 

i ft,  Becaufe  thefe  (hods  or  bafaltines  are  found 
in  rocks  confefledly  not  of  volcanic  origin,  for 
inftance  in  granite  *. 

zd,  Becaufe  the  thin  fufion  requifite  for  cryf- 
tailization  would  convert  them  into  glafs,  a  ftate 
to  which  they  do  not  even  approach 

c>d,  Becaufe  the  heat  requifite  for  their  fufion 
is  "fuperior  to  that  which  flowing  lava  generally 
poflefles,  and  yet  the  fuiibility  of  both  is  exactly 
the  fame  ;  if,  therefore,  they  were'really  fufed,  fo 
alfo  muft  the  lava  have  been,  which  yet  is  not 
true,  as  we  have  already  feen. 

4th,  Becaufe  the  percolation  or  infiltration  of 
the  particles  of  which  they  confift  through  fo 
vifcid  a  lubftance  as  flowing  lava  is  not  eafily 
conceived,  that  is,  is  not  conformable  either  to 
obfervation,  experiment,  or  analogy. 

5th,  Becaufe  their  cryflallization  in  the  midft 
of  a  denfe  vifcid  fub fiance  is  equally  incon- 
ceivable. 

Thefe  reafons  are  dill  more  ftrongly  applicable 
to  white  garnets  (Vefuvian)  felfpars,  and  olivins 
which  are  {till  lefs  fufible  than  bafaltines. 

Mr.  Faujas  and  Baron  Diedrich  imagined 
that  (horls  expofed  to  volcanic  fires  might  be  dif- 
tinginfhed  from  thofe  found  in  fubftances  that 
had  never  felt  their  action,  by  their  influence  on 
the  magnetic  needle.  But  Mr.  Sauffure  obferved 
the  fhorls  found  in  the  neighbourhood  of  Geneva, 
to  exert  the  fame  influence  as  thofe  contained  in 
fubftances  coniefledly  volcanic. 

*  Helvet.  Magaz.p.  156.     i  Sauff.  p.  67. 

§n. 
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§  ii. 


Zeolytes. 

The  zeolytes  generally  contain  from  -J.  to  j.  of 
their  weight  of  water,  an  ample  teftimony  one 
\vould  think  of  their  Neptunian  origin.  Yet  the 
circumftance  of  their  being  found  in  the  vicinity 
of  fome  volcanos  has  induced  many  to  imagine 
fueh  a  connexion  between  them  and  volcanic 
operations,  that  from  their  exigence,  at  leaft  in 
certain  circumftances,  they  have  thought  them- 
felves  intitled  to  conclude,  that  the  rocks  in  which 
they  are  found  were  iubjected  in  fome  antient 
period  to  fuch  operations.  Some  have  afcribed 
their  origin  to  the  decompofition  of  lavas ;  fome 
to  the  infiltration  of  fea-water  through  lavas; 
and  fome  imagined  them  inveloped  in  lavas  in 
actual  fufion. 

The  following  facts,  however,  fubvert  all  thefe 
opinions : 

i ft,  Zeolytes  are  found  in  countries  where  no- 
thing is  volcanic,  unlefs  the  whole  earth  be 
deemed  fo.  They  are  found  in  copper  and  gold 
mines  in  Sweden.  3  Bergm.  224.  They  are 
found  between  granires  in  maffes  of  fome  hun- 
dreds weight  in  Poland.  2  Chym.  Ann.  1791, 
196.  They  are  found  amidfl  the  granites  of  St. 
Gothard  in  Swilferland.  Haiding.  52. 

2d,  Zeolyte  is  not  found  in  the  lavas  either  of 
^Eina  or  Vesuvius,  and,  indeed,  fcarce  at  all  on 

thole 


Zeolytes.  429 

thofe  mountains  ;  and  when  found  it  is  in  fub- 
Itances  that  are  not  volcanic.  Neither  Dolomieu 
nor  Gioeni  could  find  any  on  Vefuvius,  nor  near 
it ;  Ponces,  433  ;  and  yet,  afTurediy,  it  is  not  de- 
ficient in  lavas  in  a  ftate  of  decompaction.  Gio- 
eni, indeed,  tells  us  he  difcovered  one  fpecimea 
of  zeoiyte  on  yEtna  ;  not,  however,  in  a  lava, 
but  in  a  marl  that  inveloped  it.  He  alfo  men- 
tions one  found  in  a  brown  lava,  and  one  in  ano- 
ther in  a  ftate  of  decompofition  *  ;  but  as  he  im- 
•properly  affumes  many  iubftances  for  lavas  which 
are  not  really  fuch,  we  may  (till  doubr,  whether, 
even  in  the  few  inilances  adduced  by  him,  he  has 
not  been  deceived. 

3<J,  The  fubflances  in,  the  neighbourhood  of 
volcanos,  in  which  zeolytes  are  iour.d,  are  fuch 
as  we  have  reaibn  to  iudge  rather  of  Neptunian 
than  of  volcanic  origin.  Mr.  Dolomieu,  after 
informing  us  that  he  never  found  zeolytes  in  the 
modern  lavas  either  of  Vefuvius,  ./Etna,  or  the 
Sicilian  iflands,  tells  us  he  has  found  them  in 
abundance  in  fuch  of  the  antient  extind:  volcanos 
of  Italy,  Sicily,  and  the  adjacent  iflands,  as  have 
been  antiently  buried  under  the  fea,  and  are  co- 
vered with  calcareous  rocks,  and  other  marine 
remains.  The  reality  of  thefe  volcanos,  however, 
Hill  remains  to  be  proved. 

All  the  zeolytes  he  mentions  in  his  Catalogue 
are  contained  in  what  he  calls  lavas  rendered  prif- 
matic,  by  flowing  into  the  fea  ;  in  theie  he  thinks 
them  formed  by  the  gradual  filtration  of  fea- wa- 
ter. Yet  the  yth  number  of  his  Catalogue,  even 
in  his  o\vn  opinion,  is  fcarcely  compatible  with 
this  idea;  for,  the  zeoiyte  contained  in  this  Ji.p- 

*  Gioeni,  38,  19;,  196,  197. 

fofed 
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pofed  lava  amounts  to  half  of  the  whole  mafs, 
and  appears  fo  neceffary  a  part  as  clearly  to 
evince  that  both  were  of  fimultaneous  forma- 
tion *.  As  the  water  in  zeolytes  is  not  fait,  and 
as  no  fait  is  found  in  the  ftone  through  which 
this  water  is  fuppofed  to  have  penetrated,  the 
idea  of  infiltration  cannot  be  fupported.  Thefe 
pretended  lavas  are  therefore  molt  probably 
traps  or  bafalts,  which  often  contain  zeolytes, 
and  are  not  of  volcanic  origin,  as  will  prefently 
be  feen.  If  this  great  geologift  had  recollected 
his  own  aflertion,  that  thofe  ftony  mafles,  on 
which  he  beftows  the  name  of  Compafl  Lava,  are 
fcarce  at  all  different  when  ejedted  out  of  a  vol- 
cano from  what  they  were  in  their  natural  flate  ; 
and  allb  that  zeolytes  muft  be  perceptiby  altered 
even  by  the  molt  moderate  heat ;  he  would  rather 
have  concluded  that  thefe  mafles  that  refemble 
lava,  and  yet  contain  unimpaired  zeolytes,  were 
not  genuine  lavas,  but  rather  primitive  {tones  out 
of  which  lavas  are  formed. 

Hence  the  exigence  of  zeolytes  in  any  moun- 
tain or  foflil,  fo  far  from  affording  any  fufpicion 
of  their  volcanic  origin,  Ihould  rather  lead  us  to 
conclude  that  they  were  never  fubjecled  to  the 
operations  of  the  igneous  element. 


*  Ponce?,  347. 
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§  HI- 


Of  Traps  and  Bafalts. 

As  the  various  opinions  concerning  the  origin 
of  bafalts  form  an  interesting  part  ot  the  Minera- 
logical  Hiftory  of  this  century  from  the  nu- 
merous refearches  they  occafioned,  and  the  many 
difcoveries  both  of  unknown  truths  and  unfuf- 
pected  errors  that  thence  refulted,  it  will  not  be 
amifs  to  (late  thefe  opinions  in  the  order  in 
which  they  were  offered  to  the  public,  before  we 
enter  into  a  particular  examination  of  the  merits 
of  each. 

The  circumftance  that  firft  led  philofophers 
into  a  particular  enquiry  concerning  the  origin 
of  bafalts,  was  the  difcovery  of  antient  volcanos, 
now  extindt,  made  by  Mr.  Guethard,  of  the 
Royal  Academy  of  Paris,  in  the  year  17  ;i,  and 
publiihed  among  the  Memoirs  of  that  learned 
body  for  the  year  1752.  Thefe  he  found  in  Au- 
vergne ;  he  inferred  their  antient  volcanic  (late 
from  the  ftrong  refemblance  between  feveral  fof- 
fils  they  contained  and  thofe  of  Vefuvius  ;  among 
thefe  foffils,  however,  he  does  not  reckon  ba- 
falts ;  on  the  contrary,  in  his  Mjmuu\b  tie  i''iiy- 
iique,  publimed  feveral  years  after,  he  afcribes 
to  them  a  Neptunian  origin. 

In    1763,  Mr.   Defmaretz,  a  member  of  the 

fame    academy,    travelling    through    Auvergne, 

obferved  a  multitude  of  bafaltic  pillars  en   the 

3  road 
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road  between  Clermont  and  the  celebrated  moun- 
tain Puyde  Dome.  Thefe  pillars  he  fuppofed  to 
be  lavas,  from  the  clofenefs  of  their  texture, 
their  containing  a  number  of  fhining  points,  and 
their  having  a  black  or  grey  colour  *  ;  their 
prifmatic  form  proceeded,  as  he  thought,  from 
their  having  been  ^  in  fufion -f-.  This  account 
was  publifhed  by  himfelf  in  the  Paris  Memoirs 
for  1771  ;  but  it  was  mentioned  long  before,  by 
Mr.  Montet,  in  thofe  for  1766.  About  the  fame 
time  he  difcovered  articulated  bafahic  columns 
near  the  village  of  Rochefort,  and  found,  by 
comparing  them  with  thofe  of  the  Giant's 
Caufeway  of  the  county  of  Antrim,  that  they 
\vere  of  the  fame  nature  ;  both  he  pronounced 
to  be  undoubtedly  volcanic. 

Moft  of  the  prifmatic  maffes  which  he  after- 
wards difcovered  announce  clearly,  he  tells  us, 
by  their  fituation  (at  the  extremity  and  borders 
of  currents  of  melted  matter  J),  their  origin  and 
nature,  viz.  that  of  compact:  lava;  yet  fome,  in 
confequence  of  fubfequent  alterations  of  the  pri- 
mitive difpofition  of  thefe  currents,  either  by 
derangement  from  poilerior  eruptions,  or  degra- 
dations caufed  by  llreams  of  water,  no  longer 
preferve  their  antient  connexion  with  thefe  cur- 
rents, and  hence  are  found  on  infulated  fummits, 
vvhofe  bafis  or  under  ftrata  have  never  been  at- 
tacked by  fire  §  ;  often  alfo  does  it  happen  that 
they  have  no  connection  with  interrupted  cur- 
rents, or  even  vvith  volcanos  ;  in  thefe  cafes  he 
fuppofes  them  to  have  been  melted  where  they 

*  Mem  Par.  1771,  p.  725,  8vo. 

f  lb.  722.  J  P.  723. 

§  P.  746- 

ftand, 


Bafalt.  433 

ftand,  and  their  volcanity  is,  he  thinks,  efta- 
blilhed  by  their  colour,  grain,  and  the  ictoriee, 
baked  earth,  and  fpungy  fubftances,  that  con- 
flantly  accompany  them. 

Granite,  he  afterwards  tells  us,  is  the  mother- 
'lone,  by  whofe  fufion  bafalt  is  produced  *  ;  fen- 
fible,  however,  that  he  had  as  yet  offered  no  fa- 
tisfa&ory  proof  that  thefe  bafaltic  pillars  were 
real  lavas,  and  wifliing  to  obviate  the  ftrong  ob- 
je61ions  of  the  celebrated  Wallerius,  who  inlifted 
that  lavas  were  eflentially  porous,  he  adds,  that 
he  had  viewed  actual  volcanos,  and  in  the  tor- 
rents of  lava  hTuing  from  them  he  had  obferved 
the  upper  part  of  the  bed  to  be  fpongy, -but 
that  the  lower  part  had  always  an  uniform  com- 
pact grain  like  bafalt  -j~. 

In  1771,  Mr.  Rafpe,  in  an  ingenious  treatife 
on  fome  German  mountains,  which  he  fuppofes 
to  be  volcanic,  for  much  the  fame  reafons  os  Mr. 
Guettard  hazarded  a  conjecture,  that  the  bafalts 
found  in  them  were  lavas  that  broke  their  way 
immediately  into  the  fea,  or  at  lead  were  formed 
in  caverns  and  holes  under  its  level,  at  the  time 
that  the  whole  earth  was  deluged  by  it. 

In  1774,  Mr.  Monnet,  in  anfwer  to  an  objec- 
tion of  Mr.  Guettard's,  that  it  was  abfurd  to 
fuppofe,  that  during  the  agitation  and  tumult  of 
a  volcanic  eruption  any  thing  like  a  regular 
cryflaliization  could  be  formed,  threw  out  a  fuf- 
picion,  that  bafalts  were  cryftallized  in  the  bofoni 
of  the  volcano  in  which  they  were  originally 
fufed  ^.  The  fame  conjecture  occurred  alfo  to' 
Mr.  Gerhard,  of  Berlin,  in  1781  §. 
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In  1777,  the  volcanic  hypothefis  met  with  a 
formidable  adverfary  in  the  celebrated  Bergman, 
who,  after  weighing  with  the  greateft  impar- 
tiality the  arguments  produced  on  either  fide, 
decided  in  favour  of  its  produftion  in  the  moift 
way.  His  objections  to  the  volcanic  origin  will 
prefently  be  ftated. 

In  1 78 6, The  Reverend  Mr. Hamilton  publiflied 
his  very  entertaining  Letters  concerning  the 
Northern  Coaft  of  the  County  of  Antrim,  in 
which,  with  great  ability,  yet  with  fome  hefita- 
tion,  he  fupports  the  volcanic  origin  of  the 
Giant's  Caufeway,  and  other  bafaltic  columns  of 
thar  county,  and  endeavours  to  prove  that  they 
were  cryftallized  by  tranquil  fufion  and  flow  re- 
frigeration, in  the  very  focus  of  a  volcano.  This 
opinion,  though  liable,  as  we  mail  ibon  fee,  to 
infuperable  difficulties,  obviates  many  of  thofe 
that  occurred  in  former  theories,  and  was, 
therefore,  readily  embraced  on  the.  continent. 
Baron  Veltheim  in  particular,  who  had  long  be- 
fore entertained  the  fame  notion,  publifhed  an 
able  defence  of  it  in  1787. 

After  fo  much  had  been  publifhed  on  this  fub- 
jcdt,  the  '  reafons  adduced  by  both  parties  ap- 
peared to  balance  each  other  fo  nearly,  that 
many  fufpe&ed  that  bafalts  and  traps  might  ori- 
ginate in  fome  cafes  from  fire,  and  in  others  from 
water  :  Ferber,  and,  finally  alfo,  Mr.  Gerhard, 
declared  in  favour  of  this  double  origin.  But  it 
found  its  firmefl  fupport  in  Mr.  Dolomieu.  His 
opinion  i?,  that  bafalts,  exifting  in  the  neigh- 
bourhood of  aftual  volcanos,  and  (what  he  lup- 
pofes)  extinct  volcanos,  were  formed  by  the  fud- 
den  refrigeration  of  compact  lava,  flowing  either 
into  the  ica,  or  exifting  in  fome  other  circum- 
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fiances  produ&ive  of  fudden  cooling ;  hence  he 
thinks  that  bafalt  was  not  cryftallized,  bui  owes 
ts  prifmatic  fhape  to  ludc-a  I  In 

countries,  however,  in  wir 

can  be  traced,  he  thinks  it,  like  oclu'  'tony 
mafles,  of  Neptuni?n  origin. 

The  period,  however,  at  laft  arrived,  «t  which. 
all  volcanic  ty  (terns,  however  received 

a  deadly  blow.  Mr.  Werner,  ot  Friburgh,  the 
moft  eminent  and  judicious  mineralogift  that  has 
yet  appeared,  having  cafually  obferv«;u  the 
lition  of  bafalt  2nto  wacken,  of  .vaiAen  into  -lay, 
and  of  this  clay  into  mere  quanzy  la  '  fub- 
flances  that  were  never  fntpedted  to  '•:.  '  o  any 
other  than  an  aqueous  or 1  gin,  i>\  .in  e  ,  ,  appli- 
cation of  the  fimpieft.  fundauun  '  law  ci 
neralogy,  inferred  that  bafalt  muft  a'ro  have 
been  formed  in  the  fame  fluid.  "  •.'<."•  -mportant 
obfervation  (or  rather  the  confequc:r,c"s  deduced 
from  it)  was  afterwards  controverted  by  Mr. 
Voight,  a  mineralogift  defervedly  in  high  re; 
in  my  opinion,  however,  with  lit  ie  fuccefs  -}~. 
Obfervations  were  henceforvvard  multiplied  on 
mod  of  the  German  mountains,  tb^t  had  here- 
tofore paired  for  volcanic,  and  mary  were  re- 
vendicated  to  Neptune's  antique  de.'ielr.e.  Of 
thefe  obfervations,  thofe  of  Mr.  Reals  on  the 
Bohemian,  and  of  Mr.  Nofe  on  the  rills  conti- 
guous to  the  Rhine,  are  worthy  of  t-.  -titular  at- 
tention. 

During  this  controverfy,  many  impartial  mi- 
neralogifts,  wifhing  to  fee  the  merits  on  each  fide 
compendioufly  dated,  Mr.  Hoepfner,  of  Viel, 

*  Notes  on  Bergm.  57.     37  Roz.  197. 
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in  Swifferhnd,  a  mineralogiil  and  chemift  of  dif- 
tinguiihed  merit,  generouily  offered  a  premium 
of  25  rix-dollars  to  him  who  Ihould  give  the 
mofl  fatisfactory  anfwer  to  the  following  quef- 
tions  :  What  is  bafalt  ?  Is  it  volcanic,  or  is  it  not? 
The  premium  was  adjudged  to  Mr.  Weideman, 
a  difciple  of  Mr.  Werner's,  who  combated  the 
volcanic  theory  ;  not  becaufe  the  controverfy  was 
thought  to  be  irrefragably  decided,  but  on  ac- 
count of  the  mafteriy  manner  in  which  he 
handled  the  fubject. 

It  now  remains  that.  I  mould  (late  the  reafons 
that  imprefs  conviction  on  my  mind,  that  neither 
bafalt  nor  trap  are  of  volcanic  origin.  In  doing 
this,  I  fhall  at  the  fame  time  meet  the  arguments 
adduced  in  fupport  of  the  different  modifications 
of  the  volcanic  theory  aheady  flated. 

The  firft  circumftance  that  flrikes  me  very 
forcibly,  and  operates  equally  againft  all  the  vol- 
canic theories,  is  the  total  abience  of  every  inter- 
nal mark  of  fufion.  Bafalt,  I  mean  the  rnoft  per- 
fect regularly  figured  prifmatic  bafalt,  is  a  heavy 
perfectly  compact  body,  whole  fracture  difcoy^rs 
a  fine  fplintery  or  earthy  fradture,  deftitute  of 
all  luftre,  except  that  which  proceeds  from  a  few 
difperfed  glimmering  particles  of  hornblende 
cryftals.  In  malles  of  feveral  feet  in  length  I 
have  not  been  able  to  difcover  the  fmalleft  inter- 
nal cavity,  either  in  that  of  the  Giant's  Caufe- 
xvay,  nor  in  that  of  Stolpe  ;  nor  has  Mr.  Berg- 
man in  thofe  he  examined  *.  Now,  all  fuied 
earthy  fubftances  prefent  either  a  porcelain  grain, 
always  glazed  if  the  fufion  extended  to  even  one 

*  3  Bergm.  211.    Van  troll,  388.     c   Guettard's  Me- 
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half  of  the  whole,  or  conchoidal  and  glazed  if  it 
extended  farther,  and  fome  air  blebs,  even  if 
converted  into  glafs ;  therefore  bafait  wants  the 
peculiar  marks  of  fufion, 

To  this  plain  reafon  feveral  anfwers  have  been 
given.  According  to  Mr.  Hamilton,  all  the  ba- 
lalts,  he  has  feen,  exhibit,  in  one  part  or  other  of 
their  fubftance,  air-holes  ;  and  it  is  remarkable 
(fays  he),  that  even  the  pillars  of  our  Giant's 
Caufeway,  which  are  fingularly  compact,  have 
their  upper  joints  more  or  lefs  excavated  * ;  and 
for  this  he  appeals  to  a  view  of  thofe  of  Dublin 
College.  The  grofs  pillars  in  the  capes  and 
mountains,  he  tells  us;  frequently  abound  in  thofe 
air-holes,  through  all  their  parts,  which  fome- 
times  contain  clay,  and  other  foreign  bodies,  and 
the  irregular  bafalts  where  the  pillars  ceafe,  or 
which  lies  over  them,  is,  in  general,  .extremely 
honey-combed,  containing  in  its  cells  cryftals  of 
zeolyte,  brown  clay,  or  fteatites,  &c. 

After  reading  this  pafljge,  I  carefully  exa- 
mined the  pillars  in  our  college,  and  found,  in 
truth,  that  in  fome  part,  namely,  in  the  top  of 
each  pillar,  there  were  two  or  three  minute  cavi- 
ties of  the  fize  of  the  head  of  a  pin,  ^nd  one 
twentieth  of  an  inch,  perhaps,  in  depth,  and  no 
more,  in  the  fpace  of  twenty  fquare  feet.  It  is 
plain,  therefore,  thefe  arofe  from  decompofition, 
or  external  accidents  ;  for,  if  they  proceeded 
from  internal  air,  they  would  have  penetrated 
much  deeper  into  the  body  of  the  ftone.  This 
Mr.  Dolomieu  acknowledges,  and  gives  even  as 
a  criterion  of  ftones  really  volcanic,  *;  I  pori 
f  *  efiilono  neli'  interno  equalmente  inquelle  pietre 
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ct  che  realmente  fono  di  volcanica  origine  *.'5 
But  in  the  interior  of  thefe  bafalts  not  the  fmalleft 
pore  appears.  Of  the  opacity,  dulnefs,  and 
texture,  of  thefe  flones  he  takes  no  notice.  As 
to  ihe  holes  in  the  irregular  bafalts,  it  appears, 
from  his  own  account,  that  they  proceed  from 
the  decornpofuion  of  other  ftones,  that  were  pre- 
vioully  contained  in  them.  That  many  of  them 
contain  clay,  fleatites,  or  zeolyte,  is  an  evident 
proof  that,  they  are  not  volcanic  j  for,  the  fire 
that  could  melt  them  would  evidently  harden 
the  fleatites,  harden  or  melt,  'he,  brc,,n  clay,  and 
certainly  melt  the  zeolytes,  v»  hich  are  not  even 
deprived  of  "hen"  water  of  cryftallization.  Mr. 
Voighr,  a  zealous  ftickler  for  the  fuikm  of  bafalt, 
aofwering  this  objection,  contents  himfelf  with 
faying  that  many  b  :'ound  not  entirely  de- 

Jlituieof-pnrif^'i  ~umi>.:  g  thereby,  that  many, 
if  not  moft,  are  free  from  them ;  and  that  thofe 
that  have  any  ha^  but  few.  Now,  if  any  be 
deftitute  of  th;\n  we  cannot  hold  them  fcr  real 
lavas,  and  thoi~  ti.ut  h-.ve  any  (f;.  ve  all 

of  the  fame  origin)  muft  derive  them  from  lome 
other  caiif-  jlfion  of  air  by  1;  e. 

ad,  Mr.  Dolomieu  anfwers  thi^  objection  by 
allowing  t  to  ut  inie  in  every  point  of  view,  and 
infilling  that  the  igneous  origin  of  bafalt  can  be 
proved  folely  by  local  circumflances.  In  his 
Notes  <n  t  ;:ic,-"~aa,  p.  59,  he  tells  us,  "'  It  is 
"  v^ry  true  the  lavas  of  prifmatic  columns,  and4 
"all  c^hcr  cc  •  've  no  appear- 

"  a'trce  on,  v.  iKii  cold,  becaufe 

'•  lavas  are  not  vitrifadt:ons  ;  volcanic  fire  does 
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*c  not  commonly  change  either  ;he  grain,  tex- 
"  ture,  external  appearances,  nor  the  eflential 
<e  qualities  of  (tones  to  which  it  has  neverthelefs 
ei  communicated  a  confiderable  degree  of  liqui- 
<(  dity  to  make  them  flow  in  a  torrent."  And, 
in  the  preface  to  his  account  of  the  Pontian 
iflands,  he  afferts,  "  that  volcanic  fire  does  not 
"  act  like  the  fires  of  our  furnaces ;  it  produces  a 
"  liquidity  that  does  not  referable  vitrifaftion  ; 
"  it  has  no  intenfity,  and  caanot  vitrify  the  moil 
"  fufible  fubftances,  fuch  as  ihorl.  It  produces 
"  liquidity  by  a  fort  of  diflblution,  by  a  fimple 
"  dilatation,  which  permits  the  integrant  parts 
ct  to  flide  over  each  other ;  and,  perhaps,  by  the 
"  affiftance  of  another  matter  which  is  the  in- 
"  fhrument  of  fluidity." 

If  the  action  of  this  fire  were  really  different 
from  that  of  all  fires  with  which  we  are  acquain-- 
ted,  it  would  be  impoffible  for  us  to  affirm  or 
deny  any  thing  concerning  it ;  but,  before  we  ad- 
mit fuch  a  myftery,  we  fhould  be  well  affured  of 
its  exiftence  ;  in  truth,  the  fubtlance,  called  com- 
pafl  lava,  was  never  really  fufed,  but  rather 
diffufid  through  liquid  bitumen,  or  bitumen  and 
fnlphur,  as  1  have  already  obferved  in  treating  of 
that  fubflance.  But  regular  bafaltic  columns, 
fuch  as  are  here  meant,  were  either  fufed  or  dif- 
fufed  through  any  fubftance  liquified  by  fire, 
thou°h  in  all  probability  they  are  one  at  leaft  of 
the  rnother-ftones  out  of  which  lavas  are  formed, 
as  Mr.  Werner  has  mod  ingenioufly  and  happily 
fuggefted. 

As  to  the  abfence  of  all  figns  of  vitrification, 

Mr.    Hamilton  anfvvers,  "  We   are  to  confider, 

"  that  fubitances  in  fufion  are  very  differently  af- 

*'  fecled,  in  proportion  as  they  are  more  or  lefs 
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"  expofed  to  the  accefs  of  freih  air;  the  prefence 
•**  of  this  element  being  abfolutely  neceflary,  in 
"  order  to  deprive  a  body  of  its  phlogifton  :  thus 
"  metals,  which  may  readily  be  vitrified  by  ex- 
"  pofure  to  heat,  and  the  free  afflux  of  air,  will 
'.'  yet  bear  the  moft  intenie  action  of  fire  in  clofe 
"  veflels,  without  being  deprived  of  that  princi- 
'*  pie.  Bafalts  may  have  been  therefore  fubjected 
'*  to  a  very  great  degree  of  heat,  and  yet  Ihevv 
"  no  marks  of  vitrification  ;  and  hence  it  may 
"  be  explained  how  it  comes  to  pafs  that  the  iron 
"  principle  of  the  bafalts  (till  retains  its  phlo- 
"  gifton,  acting  fo  fenfibly  on  the  magnetic 
"  needle." 

In  reply  to  this,  little  need  be  faid  ;  bafalt  is 
not  a  metal,  but  a  Hone,  and  air  has  nothing  to 
do  with  the  vitrification  of  ftones ;  if  it  had,  ba- 
falts, whofe  iron  he  fays  is  ftill  phlogifticated, 
could  not  be  vitrified  in  clofe  veflels ;  the  con- 
trary of  which  is  notorious.  I  have  myfelf  con- 
ftantly  vitrified  it  in  clofe  veflels ;  fo  have  MefT. 
Pott,  D'Arcet,  .Gerhard,  and  others.  If  the  iron 
in  bafalt  were  in  its  metallic  flare,  it  would  not 
unite  with  the  earths  at  all,  but  feparate  from 
them,  as  I  know  by  experience ;  to  unite  with 
them  it  muft  be  in  thar  iemi-calcined  ftare  which 
leaves  it  at  once -magnetic,  and  a  medium  of  vi- 
trific^tion  ;  if  it  were  more  calcined  it  would  not 
promote  vitrification,  as  is  well  known. 

Mr.  Voight  admits  the  poflible  abfence  of  all 
figns  of  vitrification,  and  in  fo  doing  admits  the 
abfence  of  all  fufion,  as  the  fufion  cf  flot:es  is 
nothing  elfe  than  a  more  or  lefs  perfect  vitrifica- 
tion, gat  he  obi'  -^  that  n..  v/  -cent  lavas  of 
Veiuvius  rrefent  as  fc-.v  figns  ot  fr.j.on  ;  and  yet 
it  muft  be  allowed  they  were  once  fluid.  Mr. 
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Voight's  miftake  in  this  inftance  is  certainly  very 
excufable.      He  was  led  into  ir  by  the   faulty 
defcriptions  of  almoil  all  the  obfervers  of  a&ual 
volcanos  ;  they  almoft  all  miflake  the  foiling  of 
lava,  for  the  fitfon  of  Java,  though  its  flowing 
proceeds  almoft  folely  from  the  liquid  bitumen 
with  which  it  is  nrxed,  as  the  flowing  of  iv.iui 
proceeds  from  the  water,  and  not  from  the  li- 
quidity or   diilolution   of  the  earth  it  contains. 
Hence  Mr.  Dolomieu,  the  moft  fugacious,  exact, 
and  philofophical,  of  all  of  them,  allows,  in  the 
terms  already  quoted,  that  volcanic  fire  has  not 
fufficient  intenfity  to  vitrify  even  the  moft  fuiible 
fubfhnces  :    this,    however,    muft    be  admitted 
with  forne  reitricYion,  as  vitreous  lavas  are  forne- 
times    found,  though    rarely,    and   fcoris   more 
abundandv ;  but  where  any  real  fufion  has  taken 
place  the  veftiges  of  it  are  fufficiently  difcernible. 
It  has  occurred  to  fome,  that  bafaks  and  compact 
lavas  may  have  been  in  real  fulion,  and  yet  by 
cooling  llowly  all  marks  of  it  may  have  been  ob- 
literated, as  happens  in   the  fufion   of  glafs,  by 
Mr.  Kdr's  account  -,  but  Mr.  Keir  does  not  fay 
that  all  marks  of  fufion  dilappeared  in  his  expe- 
riment,   but  barely,    that  the   glafs  cryftallized 
and  became  femi-opake.     I  have  fome   now   by 
me  that  cooled  flo.vly  in  Mr.  Dean's  glafs  houfe, 
part  of  which  is  cryllallized  and  femi-opake,  but 
retains  all  the  fharpnefs,  luflre,  and  rigidity  of 
glafs;  bur  the  comparifon  of  ftony  fubftar.ces  and 
glafs  is   effentially   defective  ;  for,  the  falts  that 
enter  into  the  compofuion  of  glafs  evaporate  in 
great  meafure  in  a  flrong  heat  long  continued, 
and  leave  the  other  ingredients  nearly  in   their 
primitive  flate,  and  aimoll  as  infufible ;  whereas, 
in    the   fufion   of    moil  {tones   in   our  furnaces, 

no:  h  ing 
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nothing  efcapes  but  water  and  air,  and  the  al- 
teration they  thereby  receive  muft  for  ever  re- 
main, -a  particular  are  as  fufible  as  they 
can  be  fu;  voted  to  have  ever  been. 

th.:t  appears  to  me  a  de- 
n  that  bafalts  nor  traps  are  never  iub- 
i'ue  operations  of  heat  is,    that   they 
cu  ^.ti  ••  li.l  i  a  fhte  abfolutely  incompa- 

tible with  fuch  cperati'.  is  ,  o:  inftance,  they 
contain  mild  c;t,  jareous  tv.rth,  as  an  effential  in- 
gredient in  their  competition,  \vhich  muft  necef- 
iarily  have  b;.en  calcined,  at  kaft  in  the  fuperfi- 
cial  pai  ;  -i  .  lofe  hi  -Uts,  in.  a  heat  much  infe- 
rior to  that  which  could  fufe  the  bafalts.  They 
often  contained  zeolytes,  which  muft  at  leaft 
have  ioit  their  appropriated  water;  they  contain 
horLxnde  cryftals,  which  yet  are  fufible,  and 
consequently  deftruciible  in  as  low  a  heat  as  ba- 
falt  itfclf;  they  often  contain  calcareous  fpars, 
which  a.c.^  have  been  decompofed  in  the  fmne 
heat,  na  more,  neither  calcareous  fpar  nor  zco- 
l^l^.i.i  ever  found  in  any  modern  (that  is  to 
fay,  in  iny  undoubted)  lava,  as  Mr.  Doiomieu 
acknowledges.  Fonces,  424. 

Neither  Mr.  Bafi  ilton  nor  Mr.  Voight  take  any 
Abjection.     Air.   Dolorhieu  endea- 
vours to  ev.c.i-  it,  by    ail-j-.ving  r!"     liquidity   oi: 
lava  not  to  proceed  iroai  fire.     \Vith  ref[ , 
lho;l  s  :    "  It   is  no 

'•  :  Lhe  opinio  i  of  thofc 

that   the   ihorls   of  Ir.vas 

«'  v\  >d   6ls  of  fire,  snd  that  they  were  form- 

"  ed  eiti  cr  (:  ju  or  their  ccc 

'«  5r  ': 
**  the  fuUon  of  iava  *  ,  .n,  li  it  v.iil  be 

*    IV.CC:,    246. 

«  fall 
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c<  flill  more  extraordinary  to  find,  that  fhorl,  fo 
"  fulible  a  fubftance,  has  not  received  the  fmall- 
<k  c  ,  alteration,  has  preferved  its  angles,  its 
"  hardnefs,  its  internal  texture,  and,  in  general, 
te  all  i::i  properties.  How  has  it  happened  that 
"  this  angle  obfervation  has  not  indicated  that 
*'  the  fufion  of  lavas  has  no  relation  to  the  vi- 
<{  treous  fufions  which  we  operate  in  our  fur- 
"  i.  es?  I  caunot,  therefore,  too  often  repeat, 
<e  that  the  fluidity  of  lavas  is  not  a  vitrification  ; 
"  they  flow,  bf-uufe  they  are  carried  oiF  by  a 
t(  fubilanct  extremely  fufible,  which  burns  at 
**  the  fame  time ;  and  when  they  congeal,  it  is 
<(  lefs  through  the  ceflation  of  heat  than  on  ac- 
<c  count  of  the  entire  cornbudion  and  diffipation 
"  of  the  matter  that  operated  their  foftnefs." 
It  is  furprizing  he  has  not  named  bitumen, 
whole  operation  he  fo  juilly  defcribes.  But  why 
has  •  ,~  the  i'jbitance,  which  foftened  lavas  and 
lefr  them  porous,  alfo  foftened  fhoris  and  zeo- 
lytes,  and  rendered  them  porous  ? 

I  fhall  now  pivceed  to  ihew  the  inefficiency  of 
the  r  \  ,'ic.raic  theories  of  the  formation 

of  b.  .'1th   Defmaretz's   as  the 

firit,  and  generally  received.     This 

ingenious  ace.  .  .-jppoles  that  bafalts  were 

form''-:  thu-  ::ooling  of  lava  erupted  from  an- 
ti  v.  inoS}  if  fo,  v.-e  fliould  naturally  expedt 
to  ti-  .,urrcn';5  f/f  modern  volcanos; 

.      Mr       iamiUon  allows  this, 
anci  '        vs  I  jroof  of  the  truth  of  his 

o  •  ,)ot.  s;  Vlr.  Dolomieu afiures  us,  that, 
of  -  ai  '  rn  torrei  m  ^Etna,  many 

have  '•  law  A  .  :  :  -'ng  in  the  open  air,  yet 
the-  '.it  no* r-ing  but  ir:egul.;r  inaifes ;  many 

ali^j  o:  ihe  mor^  ancient  beds  of  lava  have  been 

laid 
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kid  open,  but  prifms  were  never  found  among 
them,  nor  were  any  found  in  the  caverns  of 
Monte  Roflb,  nor  in  the  fubterraneous  galleries 
of  thofe  currents.  Ponces,  446,  447.  Gioeni,  in 
his  Catalogue  of  the  Minerals  of  Vefuvius,  imirely 
omits  them;  and  tells  us,  "  The  bafaits  are  cer- 
"  tainly  of  volcanic  origin,  yet  volcanos  in  our 
"  days  feem  to  have  loft  the  power  of  producing 
"  them."  Introduction,  LIU. 

perhaps  1  may  be  told  that  Sir  W7illiam  Hamil- 
ton obferved  fome  bafaltic  pillars  near  Torre  del 
Graeco  ;  but  Sir  William's  own  words  are,  "  The 
"  lava  of  Vefuvius  that  runs  into  the  fea  near 
"  Torre  del  Grsco,  has  an  evident,  tendency  to 
"  the  bafaltic  form  ;  on  Mount  Vefuvius  I  never 
"  faw  any  thing  like  bafaits  except  that  at  Torre 
?6  del  Grscco  and  fome  fragments  thrown  up  by 
*4  the  eruptioa  of  1779  V  Of  the  latter  we  fliall 
prefently  ipeak,  but  the  former  were  not  bafaits, 
as  it  feems ;  for,  Gioeni  tells  us,  "  I  wiihed  to 
"  verify  the  bafaits  which  I  was  told  were  to  be 
"  found  on  the  fea-coaft  near  the  park  of  Portici, 
**  but  I  difcovered  nothing  but  a  courfe  of  com- 
"  pact  lava  with  very  irregular  perpendicular 
t(  fiffures,  whence  refulted  quadrangular  and  tra- 
'*  pezoidal  columns.  Such  fiifures  sre  often  ob- 
44  ieryed  in  tufas,  and  earths  of  different  kinds, 
t(  and  can  impofe  on  no  one,  habituated  to  dif - 
"  tinguiQi  their  true  caufe.  The  only  bafaits  I 
'•'  found  on  Vefuvius  were  thofe  erupted  in  i  779, 
"  which  were  collected  by  Sir  William  Hamil- 
"  ton.'*  It  is  even  doubtful  whether  what  he 
calls  compaft  lava  be  really  fuch,  as  mod  of  the 
volcanic  obfervers  have  hitherto  confounded  the 

*  fhii.  Tranf.  1786,  p.  576. 

mother- 
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mother-Rones  of  lavas  with  lavas  thernfelves; 
as  to  the  fragments  eje&ed  we  ihall  prefently  have 
occafion  to  mention  them  again, 

This  theory  having  appeared  unfatisfactory  to 
many  of  the  volcanifts  themfelves,  they  next  de- 
viled that  which  afcribes  the  formation  of  bafaltic 
columns  to  cryfiallization  in  the  infideof  the  vol- 
cano, on  the  very  fpot  on  which  it  was  originally 
fufed.  Common  trap,  or,  as  they  calHr,  imper- 
fect bafalt,  they  full  afcribe  to  eifuiions  of  melted 
matter ;  in  the  tirft  cafe  perfect  reft,  and  the 
moft  gradual  diminution  cf  temperature,  have 
permitted  the  parts  of  the  melted  ir.ais  to  i 
their  proper  laws  of  arrangement,  ib  as  to  aflume 
the  form  of  columnar  lav  .. 

This  hypothecs  explains  perfectly  well  why 
modern  volcanos  exhibit  no  bafaks;  (e  we  muil 
"  wait,  fay  its  patrons,  until  they  are  burnt  out,' 
"  when  the  immente  vaults  which  now  lie  within 
<f  their  bowels  Ihall  fall  in,  then  we  may  expert 
"  to  behold  all  the  varieties  of  cryihllization 
"  that  take  place  in  thefe  vail  laboratories  of 
"  real  nature." 

But  if  this  hypothefis  gets  rid  of  fome  diffi- 
culties, it  is  preffed  by  feveral  others  that  attend 
it  on  every  tide,  to  fay  nothing  of  the  general 
objections  already  mentioned, 

lit,  Almoft  all  cryftals  have  a  lamellar,  fome 
few,  perhaps,  a  ftriated,  or  perfectly  uniform 
and  vitreous  texture,  and  none  whatfoever  an 
earthy  fradure.  But  bafalts  prefent  an  irregular 
earthy  grain,  without  the  fmalleil  tendency  to 
the  lamellar. 

2d,  All  cryftals  have  a  fmooih,  an-?,  at  lead, 
one  polimed  furface,  or,  if  not  exactly  fo,  one 
fees  at  leaft  that  the  afperity  or  inequality  of  their 

furface 
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furface  proceeds  from  the  fra&ure  of  fome  of 
the  lamella?,  or  the  adherence  of  fome  uncryf- 
talled  fubitr.nce  ;  but  bafaltic  prifms,  though  they 
Ihevv  an  even,  yet  there  is  nothing  like  a  fmooth 
or  poliihed  furface,  or  any  vefb'ge  of  fra&ured 
lamella?. 

3d,  All  cryftals  prefent  either  one  regular  form, 
or  forms,  that,  one  way  or  other,  may  be  de- 
duced from  one  regular  form,  as  Abbe  Hauy, 
and  Mr.  Rome  de  Lille,  have  abundantly  proved  ; 
but  bafalts  are  found  of  all  forms,  trigonal,  qua- 
drangular, pentagonal,  hexagonal,  octagonal,  &c. 
as  chance  directs. 

4th,  Cryftals  are  formed  under  fome  determi- 
nate angle,  but  bafalts  have  none  that  can  be 
deemed  common  to  their* ;  nay,  fome  times  they 
are  deftitute  of  all  angles,  being  cylindrical,  or 
oval  *. 

^th,  Bafaltic  pillar?  ar.1  frequently-  articulated, 
a  configjr  idon  never  o jferved  in  true  cryfhls. 

6th,  Mr.Hamilton  obfervt;,  that  bafcltic  pil- 
lars are  of  a  loofer  and  foftu  tcxurc  at  tlu1  top, 
but  true  cryftals  are  homogeneous,  and  of  the 
fame  texture  throughout :  fcrence  oi  con- 

fidence is  -very  co'noior  in  nncryftJiizeJ  /tones, 
as  argillites  -j*,  and  even  cjuartz  $,  but  never  in 
the  cryftallized,  except  wh:-i  ng  to  be 

decompofed ;  therefore  bafalts  differ  from  cryf- 
tals in  every  point  of  view,  ev.cept  in  poflcffing 
in  common  with  them  a  regu'^ir  polygon  figure, 
a  figure  often  obfcrved  in  marls  and  porphyries, 
whole  cryftallization  was  never ilifp?"ed. 

Hence'  the  late  excellent  cryfuilV  raphift,  Mr. 
Rome  de  Lifle,  vvhofe  willingnels  to  find,  and 

*  Fnuj.  Minfralo.7.  des  Volcano?,  Chap.  IX. 

t  SeeGuethard,  IvJcin.  Par.  1757,  and  Lafius,  Hartz^  102. 

J  Lafms,  Ibid.  137. 

fagacity 
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fagacity  in  tracing,  cryftalline  forms  are  acknow- 
ledged, though  he  at  firit  admitted  bafalts  among 
them,  yet,  in  his  Second  Edition,  on  mature  con- 
iideration,  he  has  excluded  them:  "  thefc  cryf- 
f<  talliform  mafles  (fays  he)  are  always  the  pro- 
'*  duels,  not  of  a  true  cryltallization,  but  of  a 
<e  heterogeneous  matter,  not  diffolved,  but  pre- 
"  cipitated  under  an  irregular  form,  and  after- 
e*  wards,  either  by  deficcation  or  cooling,  burfl 
"  or  contracted  into  prifms  of  a  greater  or  leller 
"  number  of  fides,  but  al.vays  indeterminate. 
"  In  vain  ihould  one  feck  in  thefe  pretended  cryf- 
"  tals,  either  a  conftant  parallelifm  of  the  planes, 
"  or  a  determinate  meafure  in  the  angles,  &c." 
i  Cryflallogr.  p.  439. 

Eefides,  ic  is  'well  known,  that  no  fubftance 
can  cryftallize  either  in  a  menllruum,  or  from  a 
iblution  by  heat,  ur.icf>  it  be  Ib  perfecuy  diffolved 
that  its  parts  have  liberty  to  arrange  themfelves 
according  to  their  peculiar  atrraiaoKS  ;  fo  that,  if 
they  cryllallize  from  a  flate  of  fufion,  the  fufion 
muft  have  been  thin  and  perfe& :  now  it  is  evi- 
dent, from  fuch  fufion,  glafs  or  enamels  muft  be 
formed,  unlefs  the  molt  fufible  parts  be  diffipated 
or  feparated ;  which  is  not  the  cafe  in  bafalts, 
fince  in  their  a£lual  ftate  they  are  eafily  and  per- 
fectly fufible,  fo  that  we  have  herein  a  demon- 
ft ration,  a  priori,  that  they  are  not  formed  by 
cryflallization  in  fhe  dry  way. 

Again,  bafalts  are  frequently  found  on  the 
fummits  of  mountain?;  how  theirc^  their  for- 
mation be  confined  to  internal  cavities?  Mr. 
Defmaretz  found  them  on  the  funimirs  of  Puy 
de  Befelle,  Puy  de  Treuil,  Puys  d'£r;;gnes,  Puy 
de  Mazeires,  &c.  in  Auvergne;  I\lr.  Halck  ou 
that  of  Cottener,  near  Ksenigftein,  in  Mifnia; 

Mr. 
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Nlr.  Voighton  that  of  Franenbcrg  ;  and  many 
others,  in  the  diocefe  of  Fulcla  •,  and  Mr.  de  la 
Fonda  une  multitude  de  grands  pies  courrones 
par  des  chauflees  de  bafaltes  en  prifmes.  V cl- 
eans Eteints,  327. 

To  obviate  this  objeftion  recourfe  has  been 
had  to  various  fuppofitions  grounded  on  the  an- 
tient  revolutions  of  the  globe,  by  which  it  is 
imagined  thefe  hills  were  in  part  defiroyed,  and 
only  thofe  parrs  left  which  fupport  the  bafaltic 
pillars;  but  is  not  this  explaining  a  fa 3  by  a 
poffibility?  What  proof  can  be  adduced,  not  of 
a  refolution,  for  that  is  admitted,  but  that  this 
revolution  has  changed  the  ftate  of  thefe  hills  ? 
How  can  this  general  agent  be  with  any  proba- 
bility applied  to  this  particular  cafe?  This  is 
what  is  required,  othcrwife  a  principle  is  aiTumed 
that  is  the  fubjedt  of  debate;  it  were  Orange  that 
iuch  convulfions  as  Ihould  rend  mountains  fhould 
leave  the  bafaltic  pillars  upright,  and  Handing 
in  their  refpective  fockets,  as  thofe  do  on  the 
coalt  of  Antrim, 

Another  infuperable  difficulty  attendant  on  all 
the  volcanic  theories,  but  particularly  this  hypo- 
thefis,  is,  that  bafalts  (land  on  or  adjoin  lub- 
ilances,  which  appear  not  to  have  fuffered  in  the 
flighted  degree,  or  to  have  been  at  all  ex- 
poled  to  heat.  How  is  it  poffible  that  fuch  im- 
menfe  mafies  Ihould  have  been  •  in  a  melting  heat, 
for  a  coniidcrable  time,  and  yet  that  the  adjacent 
(tones,  or  earths,  fhould  not  have  been  at  alt 
altered?  All  this,  however,  muft  have  happened 
if  bafaltes  were  formed,  as  the  theory  which  I  now 
corrfider  demands;  for,  it  is  found  onlimeftone  un- 
decompofed,  on  gneifs  unaltered,  on  fandftone 
6  unmelted 
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unmelted,  on  coal,  and  even  intercepted  between 
ftrata  of  coal. 

Defmaretz  felt  this  inconfiftence,  and  endea- 
vours to  explain  it  away.  "  Moft  of  the  prifmatic 
(f  mafles  (fays  he)  announce  clearly,  by  their 
"  fituation,  their  origin,  and  nature  of  compact 
<c  lava  ;  but  fome  of  thefe  maffes,  in  confequence 
"  of  alterations  that  have  vifibly  taken  place  in 
"  the  primitive  difpofition  of  the  currents,  either 
*{  in  the  tumult  of  pofterior  eruptions,  or  more 
"  efpecially  by  the  degradations  arifing  from  wa- 
tf  ter,  have  no  longer  preferved  their  connexion 
"  with  thefe  currents,  and  in  that  cafe  we  find 
"  thefe  pillars  fingle,  perched  on  infulated  fum- 
"  mits,  vvhofe  bafis  is  a  fubftance  no  way  injured 
"  by  fire."  It  is  furprifing,  however,  that  wa- 
ter {hould  fweep  away  the  foundation  on  which 
they  flood,  and  yet  leave  them  {landing;  but 
even  this  harih  fuppofition  will  not  folve  the  diffi- 
culty. Mr.  Fanjas,  near  Villeneuve  de  Berg, 
found  mafles  of  limeftone  and  bafalt  adjoining  to 
each  other^nd  even  incorporated,  and  mixed 
with  each  other;  he  examined  the  limeftone  thus 
mixed,  and  inflead  of  finding  it  cauftic,  as  fhould 
naturally  be  expected,  it  effervefced  as  ufual.  In 
Lefke's  Cabinet,  G.  294,  we  meet  with  bafalt 
(tuck  in  granite,  and  yet  the  felfpar  of  this  gra- 
nite retains  its  luftre,  and  the  quartz  its  tranfpa- 
rency. 

Dr.  Hamilton  does  not  feem  willing  to  allow  the 
fadt;  he  tells  us,  he  found  the  flints  intermixed 
with  bafalts,  opake  and  fhincry,  and  the  coal  as 
if  it  were  glazed,  and  charred,  refufing  to  inflame. 
As  to  the  flints,  it  is  fo  common  to  find  them 
dull,  whitifh,  and  opake,  in  countries  moil  cer- 
tainly not  volcanic,  that  this  indication  cannot  be 
G  g  much 
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much  infifted  on.  As  to  the  coal,  it  requires 
more  confederation  ;  in  the  firft  place,  it  is  plain, 
it  cannot  be  charred  by  melted  bafalt  lying  on  it, 
for  this  would  prevent  the  difiipation  of  the  elaftic 
iluids  neceflary  to  its  charred  ftate.  The  truth 
is,  that  the  coal  which  is  often  found  thus  free, 
or  nearly  fo  from  bitumen,  is  the  natural  carbo- 
nite,  or  carbonic  fubftance,  which  occurs  elfe- 
\vhere,  as  well  as  in  bafaltic  countries ;  a  certain 
fign  that  the  heat  of  bafalt  had  not  deprived  it  of 
its  bitumen  is,  that  bituminous  wood  is  fre- 
quently found  under  bafaltic  mafles. 

The  next  hypothefis  that  occurs  to  our  confe- 
deration is  that  of  Mr.  Dolomieu.  This,  it  mud 
be  owned,  efcspes  moil  of  the  objections  made 
to  the  former  theories ;  it  evades  thofe  made  to 
the  fufion  of  balalt  by  allowing  it  was  never 
really  fufed  ;  thofe  made  to  its  cryflallization,  by 
attributing  its  prifmatic  form  to  fudden  cooling, 
chiefly  by  flowing  into  the  lea-,  and  thofe  arifing 
from  its  fituaticn  on  the  fummit  of  hiils  totally 
unconnected  with  any  thing  volcanic;  by  allow- 
ing that  juch  bafalts  are  not  of  volcanic  origin. 
37  Roz.  1790.  Hence  it  is  plain  Mr.  Dolomieu 
gives  up  almoft  every  point  in  difpute,  yet  he 
itill  maintains  that  the  bafalts  found  in  the 
neighbourhood  of  fome  few  living  volcanos,  and 
in  thole  which  he  fuppofes  to  be  antient,  and  now 
extinguished  volcanos,  to  have  been  once  ren- 
•  tiered  liquid  by  lire  though  not  fufed  in  the  man- 
ner that  earths  and  Hones  are  in  our  furnaces. 
We  mull,  therefore,  fliew  the  futility,  or  the  in- 
fufficicncy  of  each  of  thefe  grounds,  for  attri- 
buting to  bafal's  a  volcanic  origin. 

And  rirli,  as  to  the  fort  of  fufion  he  contends 

for,  unit  is  he  me^ns  the  liquefaction   by  means 

ot  bitumen,  it  is  utterly  incomprehenfible.     T  his 

i  latter 
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latter  is  intelligible,  but  will  not  anf'.ver  his  pur- 
pofe;  for  even  this  fort  of  fufion  will  render  Jub- 
ilances that  undergo  it  porous,  at  leait  in  fome 
degree,  as  we  fee  in  genuine  compact  lava  ;  ic 
will  deprive  zeolytes  of  the  water  of  cryftalliza- 
tion,  and  dull  the  luftre  of  ihorls,  for  we  fee  the 
felfpars,  and  white  garnets  of  modern  lavas,  thus 
affeded. 

2d,  The  effufion  of  melted  hva  into  the  fea 
would  not  barely  fplit  it  into  prifms,  but  fritter 
it  to  pieces  ;  this  I  have  experienced  by  pouring 
melted  bafalts  into  water,  and  throwing  a  crucible 
filled  with  it  into  cold  water. 

3d,  The  circumftance  of  the  vicinity  of  ba- 
faltic  prifms  in  the  fea  adjoining  the  adual  voK- 
canos  of  the  Sicilian  iiland,  either  proves  nothing, 
as  it  does  not  follow  that  they  are  rather  the 
effufions  of  thofe  volcanos  than  the  mother- 
flones  out  of  which  lavas  are  formed  •,  or,  if  we 
couple  it  with  the  above  experiment,  it  rather 
proves  that  they  are  not  lavas. 

4th,  The  difcovery  of  bafaltic  pillars  in  an- 
tient,  but  now  extinct  voicanos.  is  undoubtedly 
the  corner  ftone  of  all  the  volcanic  theories,  par- 
ticularly where  they  feem  accompanied  with 
pouzzolana,  volcanic  afhes,  pumice,  tufas,  &c. 
However,  it  never  once  occurred  to  the  natu- 
ralifts  who  made  this  difcovery,  that  the  bafaits 
might  be  the  niother-ftones  of  which  lavas  were 
formed,  a  fnppofition  infinitely  more  confident 
with  all  thfir  properties  and  relations  than  that  of 
their  being  thernfelves  lavas. 

Yet  I  am  far  from  thinking  that  all  the  moun- 
tains in  which  bafalts  are  found,  feemingly  ac- 
companied as   above    mentioned,    are    in   reality 
volcanic;  few  of  thofe  who  have  obferved  them 
G  g  2  have 
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have  given  any  proof  that  the  fubftances  on 
which  they  beftowed  the  name  of  porous  lava, 
pouzzolana,  volcanic  aihes,  &c.  were  that  in  rea- 
lity which  their  names  import.  Mr.  Whitehurft, 
and  others,  have  beftowed  the  name  of  lava  on 
the  toadftone  of  Derbyfhire,  the  rowley  ragg, 
and  whinftones ;  yet  Mr.  Ferber,  and  Faujas  de 
St.Fonds,  both  fufficiently  expert  in  detecting 
lavas,  deny  thefe  (tones  to  be  really  volcanic; 
and  Dr.  Prieftley  found  their  aerial  contents  very 
different  from  thofe  of  genuine  lavas. 

The  ftone  called  wacken  has  often  been  taken 
for  indurated  volcanic  alhes ;  decayed  traps,  and 
porphyries,  for  pouzzolana.  Real  pumice  is  in- 
deed volcanic ;  but  it  is  often  found  at  great  dif- 
tances  from  the  places  that  gave  it  birth  ;  hollows 
formed  on  the  tops  of  hills  by  water, or  by  fhepherds 
for  fhelter,  have  been  taken  for  the  mouths  of  vol- 
canos,  from  which  ftreams  of  lavas  have  iflued 
fufficient  to  cover  countries  fome  hundred  miles 
in  circumference,  though  thefe  were  often  but  a 
few  feet  in  diameter-,  where  nofuch  hollows  were 
found  (and  this  is  the  moft  common  cafe),  they 
are  fuppofed  to  have  been  deftroyed  by  fome  fub- 
fequent  revolution ;  where  the  pretended  lavas 
alternate  with  marine  exuvia,  this  is  attributed 
to  fucccffive  alternating  revolutions.  The  fub- 
limity  and  marvelloulnefs  of  thefe  ftupendous 
operations  fuperfede  the  neceffiry  of  proving 
them  ;  yet,  even  in  works  profeffedly  defigned  to 
excite  thefe  emotions,  it  is  a  rule,  nee  Dcus  interfit 
Ktfi  dlgttus  vindiie  nodus,  much  lefs  ihonld  thefe 
revolutionary  principles  be  admitted  in  natural 
philosophy  ;  regularity  and  uniformity  being  the 
great  character  of  the  operations  of  nature,  un- 
lefs  their  verges  be  fully  and  inconteflibly  efta- 
biiihed. 

Let 
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Let  it  not  be  thought  prefumptuous,  in  thofe 
who  have  not  feen  living  volcanos,  to  conteft  the 
volcanic  character  of  foffils  with  thole  who  have 
long  and  often  contemplated  thofe  great  pheno- 
mena; for,  the  moft  ingenuous  of  thofe  xvho  have 
beheld  thefe  eruptions  acknowledge  that  very  lit- 
tle is  to  be  learned  from  them.  Collini,  who 
twice  afcended  Vefuvius.  and  witneffed  its  erup- 
tions, complained  that  he  was  thereby  no  way 
forwarded  in  volcanic  knowledge.  Strange  af- 
firms that  the  view  of  extinct  volcanos  is  much 
more  inftrucHve.  "  The  phenomena  of  recent 
"  volcanos  (fays  he)  are  very  little  calculated  to 
(f  give  us  much  inftrudlion.  A  few  days  tour  in 
t{  iuch  countries  as  Auvergne,  Velais,  and  the 
ft  Venetian  ftate,  are  worth  a  feven  years  appren- 
"  ticefhip  at  the  foot  of  Vefuvius  or  jEma." 
In  effirft,  lavas,  pouzzolana,  tufas,  &c.  may  as 
well  be  examined  at  a  diftance  as  in  the  neigh- 
bourhood of  volcanos,  and  are  generally  brought 
to  diftant  countries  as  objects  of  curiofity  ;  but 
amygdaloids,  and  decayed  porphyries,  and 
wackens,  which  bear  a  flrong  refemblance  to 
volcanic  products,  are  not  much  attended  to, 
nor  commonly  known  by  volcanic  obfervers,  and 
hence  when  they  quit  real  volcanic  countries,  and 
meet  thefe,  they  miftake  them  for  thofe  produfts 
to  which  their  eyes  were  accuftomed,  and  from 
theories  poffibly  very  fublime,  but  perfectly  ro- 
mantic. 

Sir  William  Hamilton  difcovered  a  few  frag- 
ments of  bafaltic  columns,  ejected  by  Mount  .Ve- 
fuvius during  the  eruptioaof  1779.  This  Baron 
Veltheim  deems  a  iirong  proof  of  his  theory  ; 
namely,  that  bafalts  are  formed  by  cryftalliza- 
tion  in  the  bottom  of  volcanos ;  to  me,  however, 
G  g  3  it 
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it  feems  a  decifive  proof  of  Mr.  Werner's  opi* 
nion,  that  bafalrs  and  traps  are  the  mother-Hones 
(though  not  iblrly)  of  lavas;  for,  in  the  firft 
place,  it  is  plain  thefe  columns  were  not  formed 
by  fudden  refrigeration,  as  Mr.  Dolomieu  pre- 
tends ;  and,  in  the  next  place,  it  is  evident  that  - 
this  volcano  being  as  yet  in  its  vigour  (for  it  had 
not  cooled  fince  1777),  the  ejected  bafak  could 
not  have  been  formed  by  cryilallization  on  cool- 
ing ;  nor  can  it  be  fuppofed  to  have  been  formed 
in  any  amient  period,  as  the  lavas  antiently 
formed  muft  have  been  long  before  difgorged  in 
the  many  eruptions  that  took  place  fince  1631. 
The  molt  probable  account,  therefore,  that  can 
be  given  of  it  is,  that,  as  the  volcanic  fire  yearly 
jfcoops  out  the  mountain  to  greater  depths,  it  a~ 
laft  defcended  to  Neptunian  {tones,  which  until 
then  remained  untouched  ;  what  adds  great  pro- 
bability to  this  conjecture  is,  that  Gioeni  ex- 
prefly  remarks  that  part  of  it  was  untouched  by 
fire.  Lit  hoi.  Vcfuvian.  LIX. 

It  has  been  obferved,  that  bricks  and  earthen- 
ware emit  a  clear  found  when  {truck,  and,  as  ba- 
fait  has  alib  this  property,  feme  have  thought 
this  a  proof  of  its  having  had  a  volcanic  origin, 
not  recollecting  that  common  roof-flates  poiTeis 
this  property,  and  many  lime-ftones,  as  Mr. 
Sauirure  observed,  and  particularly  thofe  of  the 
mountain  cf  £r.  Barbe  in  Provence  ;  25  Roz. 
Jour.  p.  31 ;  and  even  italaclites,  Laiius,  Hartz., 
1^8. 

'1  he   magnet ifm    of  fome   bafalts  appears    to 

fomc   a    proof  of  volcnnity  ;  but  all  bafalts  are 

not  magnetic.  Baron  Veltheim  tells  us  he  fcarcely 

n  et  one  in  a  thoufand  that  was  fo  ;  but,  if  they 

.,rc,  '.his  propetty   would  not  decide  their 

origin, 
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origin,  for  many  ftones  are  magnetic  which  no 
one  pretends  to  be  volcanic.  For  inftance,  gar- 
nets, hornblendes,  the  fhorls  found  near  Gene- 
va, and  the  metalliferous  ilone  of  Born. 
i  Bergm.  Jour.  1789,  p.  607. 

There  is  another  fyftem  which  attributes  not 
only  to  bafalts,  but  to  all  ftony  fubftances,  an 
igneous  origin;  it  is  that  of  .Lazaro  Moro,  re- 
vived, and  wonderfully  improved,  by  Dr.  Hut- 
ton,  of  Edinburgh,  well  known,  by  his  excellent 
EfTay  on  the  Origin  of  Rain.  This  may  be 
called  the  Plutonic  fyftem.  I  have  endeavoured 
to  (hew  its  fallacy  in  a  paper  lately  read  to  the 
Royal  Irifh  Academy,  which  will  appear  in  the 
next  volume  of  its  Tranfaclions. 

All  that  has  been  hitherto  faid  tends  to  dif- 
prove  the  igneous  origin  of  bafalts,  and  confe- 
quently  to  evince  its  production  in  the  moift 
way,  as  there  is  no  medium  between  the  one  and 
the  other ;  I  fhall  now,  however,  (late  a  few 
reafons  that  point  directly  to  a  Neptunian  ori- 
gin. 

I  ft,  It  is  well  known,  to  thofe  who  occupy 
themfelves  with  mineralogical  refearches,  that  in 
jftenes  compofed  of  three  or  four  ingredients, 
tranfitions  or  gradations  are  frequently  obferved, 
from  the  more  limple  to  the  more  compound,  or 
vice  verfa,  or  from  one  fpecies  of  ilone  to  ano- 
ther that  bears  it  a  kindred  relation  ;  fo  thar,  if 
any  of  the  terms-of  the  tranfition  be  of  volcanic 
origin,  the  whole  graduating  feries  muft  be  of 
the  fame  origin  ;  and,  if  any  of  the  terms  be  de- 
cidedly Neptunian,  the  whole  feries  mult  be 
Neptunian.  This  ingenious  and  convincing  mode 
of  invefligation  was  difcoveied,  and,  in  this 
cafe,  happily  applied,  by  Mr.  Werner,  on  the 
G  g  4  moun- 
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mountains  of  Scheibenberg.  Here  gneifs  forms 
the  lowed  ftratum  or  ban's  of  the  hill.  On  this 
a  quartzy  fand  immediately  repofes,  which  is 
indifputably  of  Neptunian  origin,  if  any  Hone 
be  ib  ;  immediately  over  this  land  there  lies  a 
flratum  of  clay,  much  blended  with  fand  ;  above 
that  the  clay  is  lefs  fandy  ;  above  that  it  becomes 
harder;  ft  ill  higher  it  is  found  mixed  with 
wacken;  ftill  higher  the  wacken  becomes  har- 
der ;  and  ftill  higher  it  pafles  into  bafalt.  Who 
does  not  fee  that  this  whole  graduating  feries  of 
foflils  muft  have  had  a  common  origin,  and  all 
to  have  been  formed  in  the  fame  fluid  ?  and  let 
it  be  coniidered,  that  wacken  muft  have  been 
formed  in  the  moift  way  ;  for,  in  fire  it  becomes 
remarkably  cellular.  Befides,  branches,  leaves, 
and  roots  of  trees,  have  frequently  been  found  in 
it.  In  various  other  inftances,  bafalt  or  trap  has 
been  found  to  pafs  into  argillites  and  fandftones, 
both,  confeffedly,  of  Neptunian  origin. 

?d,  Dr  Beddoes,  in  the  Philosophical  Tranfac- 
tions  for  1791,  has  fhevvn  (though  with  a  very 
different  intention)  an  evident  connection  be- 
tween bafalt,  trap,  and  granite.  They  lie,  as 
he  obferves,  "  ib  contiguous,  and  often  fo  in- 
"  volved  in  tach  other,  that  one  cannot  but  fup- 
"  pofe  both  to  have  undergone  the  fame  opera- 
*'  tions  of  nature  at  the  fame  time;"  a  concretion 
of  this  fort  extorted  from  Ferber  an  avowal  that 
bafalt  might  be  produced  in  the  moid  way. 
Italy,  1 6  Letter. 

3d,  home  irregular  bafaltic  pillars  were  lately 
dilcovered  in  Bohemia,  containing  indurated 
n;arl,  wiih  the  imj.rtrffion  of  a  vegetable  reiem- 
blii.g  cerafiium,  or  alpine,  i  Ghy.  Ann.  1792, 
p.  70.  Ihc  coniequence  is  obvious.  The  great 

Humbling- 
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ftumbling-block  in  the  way  of  this  theory,  and, 
indeed,  of  every  other,  is  the  difficulty  of  ac- 
counting for  the  regular  formation  of  the  prifms. 
It,  however,  is  much  eafier  accounted  for  in 
this  fyflem  than  in  the  volcanic,  as  we  can  pro- 
duce many  inftances  of  fimilar  prifms  in  foffils 
undoubtedly  formed  in  the  moift  way,  and  none 
at  all  of  any  undoubtedly  formed  in  the  dry.  This 
form  feems  to  me  to  proceed  from  the  fudden. 
burfting  of  bafaltic  mattes,  whether  from  drying, 
or  the  abforption  of  air,  I  fhall  not  decide.  This 
opinion  is  founded  on  the  following  reafons  : 

ift,  In  a  heap  of  ftones  of  the  fpecies  called, 
in  Dublin,  Black  Quarry- fione,  extracted  from  a 
quarry  near  Palmerflown,  and  defcribed  in  my 
Elements  of  Mineralogy  under  the  name  of  Calp, 
Mr.  Gandon,  the  celebrated  architeft  of  moft  of 
our  public  edifices,  difcovered  one  lying  under 
feveral  others  in  the  area  of  the  Cuftom-houfe, 
which  had  burft  fince  it  was  brought  there  into 
regular  pillars,  fome  of  an  hexagonal,  and  fomc 
of  an  octagonal  form,  and  fome  articulated  ex- 
actly like  the  pillars  of  the  Giant's  Caufeway. 
Thefe  pillars  were  at  firft  about  fix  inches  long, 
and  one  fourth  of  an  inch  in  diameter,  but  after- 
wards accidentally  broken  when  removed  to  his 
apartment ;  in  this  ftate  I  have  feen  them.  One 
of  our  cornmiflioners  of  the  revenue  favv  them 
before  their  removal.  This  ftone  refembles  ba- 
falt  fomewhat  in  its  compofit-ion,  but  contains  a 
much  larger  proportion  of  calcareous  earth,  and 
a  much  Imalier  of  iron. 

zd,  Mr.  Dolomieu,  in  the  province  of  Vola- 

terra,  found  micaceous  marls  to  aflame  a   prif- 

matic  form  on  drying.     Near  Cape  del  Bove  he 

2  found 
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found  tufas  fplit  into  regular  hexagonal  pillars, 
fix  or  feven  feet  long.  Mr.  Strange  difcovered 
granitic  pillars  in  the  Euganeon  mountains,  un- 
doubtedly formed  in  the  fame  manner.  Columnar 
porphyries  have  feveral  times  been  obferved.  We 
ihould  therefore  no  longer  wonder  at  feeing  ba- 
faltic  pillars  formed  by  the  fame  accidents. 


THIRD 
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THIRD      APPENDIX. 


Of  the  Chemical  Analyfis  of  Earths 
and  Stones. 


I  HIS  fubjeft,  treated  in  it:  Full  extent, 
would  require  a  particular  account  or"  the  man- 
ner of  analyzing  not  only  each  particular  genus, 
but  alfo  moft  of  the  various  ipecies  contained  un- 
der thofe  genera ;  it  is  eafy  to  fee  this  would  re- 
quire an  immenfe  detail ;  my  intention,  therefore, 
is  to  confider  thefe  foffils  abftradtedly  from  all 
external  characters,  and  folely  in  their  relation  to 
chemical  agents,  particularly  to  fpiric  of  nitre, 
and  the  vitriolic  acid. 

In  this  point  of  view  they  may  be  divided  into 
feven  clafies  : 

ift,  Thofe  that  are  wholly  or  partially  folu- 
ble,  and  with  effervefcence,  in  nitrous  acid, 
vvhofe  fpecific  gravity  is  1,4,  or  higher. 

ad,  Thofe  that  are  inlolubh  in  nitrous  acid 
1,4,  but  wholly  or  partially  foluble,  and  with 
effervefcence,  in  nitrous  acid  1,25,  in  the  tempe- 
rature of  60°. 

3d,  Thofe  that  are  infoluble  in  fpirit  of  nitre 
or  nitrous  acid  1,25,  but  totally  or  partially  fo- 
luble, 
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luble,  and  with  effervefcence,  in  fpirit  of  nitre 
1,10. 

.jtb,  Thofe  that  are  foluble  in  fpirit  of  nitre, 
in  the  temperature  of  the  atmofphere,  but  with- 
out tfiervtfcence. 

5th,  Thofe  that  are  foluble  in  the  nitrous  acid, 
\vithout  effervefcence,  but  only  in  the  tempera- 
ture of  from  150°  to  180°,  or  higher. 

6thr  Thofe  that  do  not  effervefce  with  the  ni- 
trous, but  effervefce  {lightly  with  the  concen- 
trated vitriolic  acid. 

yth,  Thofe  that  are  infoluble  both  m  the  ni- 
trous and  vitriolic  acid,  or  only  very  {lightly  fo- 
luble, and  with  little  or  no  effervefcence,  without 
particular  management. 

Before  earths  or  ilones  are  fubje&ed  to  this  teft 
they  ftiould  be  reduced  to  powder.  Earths  in 
particular  fhould  be  boiled  in  fixteen  times  their 
weight  of  water,  to  difcover  their  faline  contents; 
diliilled  to  difcover  their  volatile  ingredients,  and 
gradually  heated  to  rednefs  in  a  covered,  and 
afterwards  to  whitenefs  in  an  open  crucible  for 
half  an  hour,  to  obfcrve  their  change  of  colour 
and  lofs  of  weight  ;  both,  as  circumftances  in- 
dicate, may  be  projected  on  melted  nitre  heated 
to  rednefs,  to  difcover  whether  they  contain  the 
carbonaceous  principle. 

In  the  prefent  ftate  of  mineralogical  know- 
ledge, analyfis  is  become  an  object  of  complica- 
ted attention,  as  notice  muft  be  taken  of  the  nine 
earths  already  enumerated  ; — five  acids,  namely, 
the  vitriolic,  marine,  fparry,  phofphoric,  and 
boracic ; — five  metallic  fubftances,  iron,  manga- 
nt-le,  nickel,  cobalt,  and  copper. — Not  that  all 
theie  are  ever  found  in  any  compound,  but,  it 
being  uncertain  which  of  them  may  occur,  none 

of 
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of  them  can  be  overlooked  in  general  analytic 
formulas. 

The  combinations  of  the  tungftenic  acid  I  re- 
fer to  the  fourth  part  of  this  treatife. 

Before  any  analyfis  ii  attempted,  the  following 
fubftances  fhould  be  procured  in  fufficient  quan- 
tity, and  in  the  greatetl  purity  :  concentrated 
vitriolic  acid  of  the  fpecific  gravity  of  1,8,  fpi- 
rh  of  nitre  1,400.  1,250.  1,110.  fpirit  of  fait 
1,12,  tliftilled  vinegar,  pure  vegetable  alkali, 
cryftallized  foda,  Prufiian  alkali,  cauftic  and 
mild  volatile  alkalis,  common  lime-water,  ftron- 
thian  lime-water,  barytic  lime-water,  acetated 
and  nitrated  barytes,  folutions  of  nitrated  calx, 
nitrated  mercury  and  nitrated  fiiver,  fugar  of 
lead,  purified  chalk,  and  fpirit  of  wine,  with. 
plenty  of  diftiiled  water. 


Of  Stones  and  Earths  eafily  foluble,  not  lefs  than 
400  Grains,  Ihould  be  employed  ;  but,  of  the 
difficultly  foluble,  200  may  be  fufficient. 

g 

Filtres  formed  of  unfized  paper,  and  of  dif- 
ferent dimeniions,  fhould  be  had,  dried  in  the  tem- 
perature of  80°,  greafed  at  the  edges  with  melted 
tallow,  and  weighed  ;  their  weight  after  burning 
fhould  alfo  be  known  and  noted. 

The  mouths  of  the  larger  veffels  fhould  be  fur- 
rounded  with  wax,  and  a  wa^en  fpout  contrived 
in  the  part  out  of  which  the  liquors  are  to  be 
poured. 

Silver  crucibles  fhould  be  employed  whenever 
the  heat  required  wiil  permit  their  ufe. 

Other 
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Other  circumftances,  commonly  known,  I 
omit. 

Every  ftep  of  the  procefs  fhould  be  regiftered 
as  foon  as  taken. 


§!'• 


Of  Stones  or  Earths  wholly  or  partially  foluble, 
and  with  Effervefcence  in  Spirit  of  Nitre, 
whofe  Specific  Gravity  is  1,4  or  higher. 


1.  Stones  which  when  pulverized  are  foon  and 
entirely  foluble  in  a  heat  below  80°,  and  with  ef- 
fervefcence  in  fpirit  of  nitre,  whofe  fpecific  gra- 
vity is  1,4,  at  the  temperature  of  60°,  and  whofe 
folution  is  colourlefs,  are  either  entirely  calca- 
reous, or  confill  partly  of  calcareous,  and  partly 
of  muriatic  earths  combined  with  fixed  air. 

2.  However,  there  are  fcarce  any  flones  but 
the  pureil  calcareous  fpars  that  are  fo   circum- 
flanced  •,  molt  other  itones  of  the  calcareous  ge- 
nus have  fome  fediment  undiflblved,  or  afford  a 
fomewhat  turbid  folution,  or  are  flightly   difco- 
loured. 

3.  The  infoluble  refiduum  may  confift  of  mild 
barytes  or  ilromhian,  or  o;  either  or  both  of  thefe 
combined  with  the  vitriolic,  or,  perhaps,  other 
acids,  or  of  calcareous  earth  combined  with  the 

vitriolic 
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vitriolic  acid  ;  but  mod  commonly  it  confifts  of 
argill,  or  argill  and  forne  fand  of  the  filiceous 
kind,  commonly  blended  alfo  with  calx  of  iron. 


Examination  of  the  Solution. 

4.  The  ftone  or  earth  charred  from  all  foreign 
vifible  ingredients,  and  dried  as  already  men- 
tioned, if  an  earth,  and  hardened  by  that  heat, 
it  fiiould  again  be  pulverized,  weighed,  and  put 
into  a  portion  of  the  acid,  alfo  weighed  in  a  ba- 
lanced flafk,  that  the  weight  of  air  loft  may  be 
found  in  the  ufual  manner. 

5.  After  a  few  hours  the  folution  fliould  be  di- 
luted with  diftilled  water,  lhaken,  thrown  on  a 
filtre,  and  the  reiiduum  wafhed  until  the  water 
comes  off  taftelefs,  or  gives  no  precipitate  with  a 
mild  alkali ;  this  refiduum,  when  dried,  fliould 
be  added  to  No.  3. 

6. The  folution  ihould  then  be  gently  evaporated 
to  a  moderate  quantity,  and  heated  with  cauftic 
volatile  alkali  as  long  as  any  precipitation  ap- 
pears ;  this  will  precipitate  the  argill  and  calx  of 
iron,  and  part  of  the  magnefia,  and  alfo  phof- 
phoric  felenite,  if  theie  fubftances  exift  in  it. 
The  precipitate  fhould  be  well  walhed  on  the 
filtre,  and  the  wafhings  added  to  the  folution. 

7.  The  folution  thus  cleared  can  confilt  only  of 
lime  and  feme  magnefia  ;  to  feparate  thefe,  add 
the  vitriolic  acid  as  long  as  any  precipitation  ap- 
pears, evaporate  the  liquor  to  nearly  its  original 
bulk  No.  4,  or  farther,  and  throw  the  whole  on 
a  filtre,  wafh  the  precipitate  with  dilute  fpirit  of 
wine,  and  add  the  wafhings  to  the  foludon. 

8.  The 
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8.  The  folution  can  now  contain  nothing  but 
magnefia,  and   fome   portion  of  felcnite  ;  evapo- 
rate it  considerably,  the  felenite  will  fall ;  throw 
this  alfo  on  the  fihre,  and  edulcorate  as  before. 

9.  Evaporate  the  remainder  of  the  folution  to 
drynefs,  and  re-difiblve  it  in  pure  water,  adding 
more  acid  ;    if  neceflary,    precipitate  the  whole 
by  a  mild  fixed  alkali  ;  dry   the  precipitate  firft 
gently,  and  then  in  a  heat  nearly  red ;  its  weight 
is  that  of  the  mild  magnefia  in  the  folution. 

10.  Next  proceed  to  the  felenite;  this  Ihould 
firft  be  gently  dried,  then  heated  to  rednefs,  and 
•weighed  -,   100  grains  in  that  dry  ftate   contain 
about  37  grains  of  lime;  but  the  beft  method 
of  finding  its  true  contents  is  to  decompofe  by 
boiling  it  with  1,5  its  weight  of  cryftallized  foda, 
the  boiled  liquor  will  leave  on  the  filtre  the  mild 
calx,  which,   wafhed,  dried,  and  heated  to  red- 
nefs for  half  an  hour,  fnould  be  weighed  ;  its 
proportion  of  lime  is  generally  as  9  to  5. 

Examination  of  the  Precipitate,  No.  6. 

11.  This  may  confift,  as  we  have  faid,  of  ar- 
gill,  calx  of  iron,    fome   portion  of  magnefia, 
phofphorated  calx,  and,  perhaps,  fome  filiceous 
iubftance  which  often  paiies  the  filtres, 

12.  Let  the  precipitate  be  well  dried,  heated 
nearly    to    rednefs,    pulverized,    weighed,    and 
heated  with  four  times  its  weight  of  pure  nitrous 
acid. 

13.  If  it  contains  phofphorated  calx,  this  will 
be  flowly  dififolved  in  the  common  temperature 
of  the  atmofphere,  and  fcarce  any  thing  elfe  will 
be  taker;  up. 

14.  To 
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14.  To  determine  this,  drop  a  little  vitriolic 
acid  into  the  folution;  if  it  contains  phofphorated 
calx,  a  precipitate  will  appear. 

15.  As  a  fmall  proportion  of  gypfum  may  alfo 
exift  in  the  folution,  to  determine  this  doubt,  let 
a  few  drops  of  nitrated  barytes  fall  into  the  folu- 
tion;   if  a  precipitation  arifes  in  this  cafe,  and 
none  in  the  former  trial,  it  muft  be  from,  fome 
vitriolic  fall  in  the  folution. 

1 6.  If  a  precipitation  takes  place  in  both  trials, 
it  may  be  doubted  whether  it  proceeds  in  this 
laft     trial    from    the    phofphoric    acid   fingly, 
or  from  the  prefence  of  the  vitriolic  fait;  the 
doubt  may  be  decided  by  examining  the  pre- 
cipitate. 

1 7.  But  if  in  neither  cafe  a  precipitate  appears, 
we  may  be  affured  that  in  the  precipitate  No.  6 
neither  gypfum  nor  phofphorated  calx  exifl. 

18.  In  cafe  either  or  both  thefe  acids  be  found,' 
we  (hall  fee  in  No.  37  and  67,  how  they  and 
their  bafes  are  feparated  and  determined. 

19.  Suppofing  then   the   four   parts   nitrous 
acid  to  be  inactive,  or  nearly  fo,  without  the  af- 
fiftance  of  heat,  let  the  whole  be  ftrongly  and 
repeatedly  digefted  until  the  greater  part  is  dif- 
folved;  let  the  acid  then  be  diftilled  off  to  drynefs 
twice,  pulverizing  the  dried  mafs  each  time,   be- 
fore any  new  affufion  of  acid;  and  at  laft  heated 
to  rednefs  in  the  retort  for  half  an  hour,  after 
which  the  dried  mafs  is  to  be  gently  digefted  in 
dilute  nitrous  acid,  which  .will  take  up  the  argill 
and  magnefia,    leaving  the  calx   of  iron   highly 
oxygenated  :  let  the  whole  be  thrown  on  a  rTltre 
and  walhed. 

.  20.  The  filtred  liquor  fhould  then  be  precipi- 
tated by  mild  fixed  alkali,  and  the  whole  boiled 
H  h  to 
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to  expel  the  loofe  fixed  air,  that  may  keep  thd 
earth  in  folution. 

2 1.. This  precipitate  fhould  then  be  thrown  on 
a  filtre  warned,  dried,  heated  to  redneis,  and 
weighed, 

22.  Then  pulverized   again,  treated  for  a  few 
hours  with  eight  or  ten  times  its  weight  of  diftilled 
vinegar  without  heat,  to  take   up  the  magnefia, 
if  any,  and  filtre d. 

23.  The  acetous  folution  fhould  then  be  treated 
with   a  mild  fixed  alkali,  it  will    precipitate  the 
magnefia,  which    is  then    to  be  filtred,  wafhed, 
dried,  heated  nearly  to  rednefs,  and  weighed. 

24.  If  any  argill   be  fufpefted   to  be  contained 
in  it,  the  vitriolic  acid  by  its  flow  folution  of  it 
will  detect  it. 

25.  Argill  and  magnefia  may  alfo  be   fepa- 
rated  by  boiling   the   whole    in  dilute  vitriolic 
acid,  and   faturating   the    acid  exadly  by  mild 
calx,  which  will  precipitate  the  argill,  but  not 
the  magnefra ;  and  as  the  felenite  alto  falls  to  the 
bottom  on  cooling,  the  magnelia  will  remain  in 
folution,  and  be  difcovered  by  the  tafte. 

2,6.  If  the  quantity  of  argill  be  but  fmali,  re- 
latively to  that  of  magnefia ;  it  may  moft  conve- 
niently be  feparated  by  boiling  the  whole  in 
pure  cauftic  fixed  alkali,  which  will  take  up  the 
argill,  and  leave  the  magnefia. 

27.  The  diffolved  Epfom  fait,  No.  25,  will  be 
made  to  depofite  the  felenite  it  may  flill  contain 
by  gradual  evaporation. 

28.  The  refiduum  on  the  filtre,  No.  22,  may 
be  fuppofed  to  be  pure  argil!,  if  it  be  perfectly 
white;  if  not,  it  fliould  again  be  diffolved  in  ni- 
trous acid,  which  will  leave  the  iron,  if  any,  undif- 
folved, 

29.  To 
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29.  To  remove  all  doubt  of  the  nature  of  the 
argiil,  it  may  be  efFayed  with  boiling  cauftic  fixed 
alkali,  which  diflblves  argill,  but  not  jargonia. 

30.  The  calx  of  iron,  No.  19,  fhculd  then  be 
roafted  with  a  little  wax  for  a  quarter  of  an  hour 
in  a  red  heat,  it  will  thereby  be  fo  far  reduced 
as  to  be  magnetic,  and  contain  about  70  per  ct. 
of  metallic  iron. 

In  many  cafes  where  metallic  fubftances  are 
fully  difengaged,  and  the  folution  coloured  by 
them,  they  may  be  precipitated  by  the  Pruflian 
alkali,  as  will  be  feen  No.  95. 


Examination  of  the  UndiflblvedReiiduum,  No.  3. 


31.  This  refiduum   wafhed,  dried,  heated  to 
rednefs,  and  weighed,  is  firft  to  be   eflaved  for 
ftronthian,  by  treating  it  with  fpirit  of  nitre  1,4, 
diluted  with  its  own  weight  of  water;  whatever 
diflblves  in  this  acid  with  effervefcence,  without 
the  affiftance  of  heat,    is  mild   ftronthian  •,    the 
folution  fliould  then  be  diluted  and  filtred,  and 
the  depofite  on  filtre  wafhed,  dried,  and  added 
to  the  remainder  of  the  unduTolved  refiduum. 

32.  The  filtred  liquor  Ihould  then  be  gently 
evaporated,  and  fet  to  cryftallize,  and  the  cryftals 
rediffolved  in  about  their  own  weight  of  water, 
in  the  temperature  of  66°,  as  cryflaJlization,  and 
folution  in  this  quantity  of  water,  of  that  tempe- 
rature, are  additional    proofs  of  ftronthian  ;  the 
folution  of  the  cryftals  fhould  then  be  precipi- 
tated by  mild  foda,  the  precipitate  wafhed,  dried, 
ignited  for  half  an  hour,  and  weighed. 

H  h  2  33.  Aftej; 
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33.  After   effaying   the  refiduum,  No.  3,  fof 
ftronthian ;  whether  it  be  found  or  not,  let  it  be 
eifayed  for  barytes,  by  fpirit  of  nitre  1,4  diluted 
with  four  or  five  times'its  weight  of  water;   if  an 
efFervefcence  then  arifes,  and  not  before,  we  may 
be  allured  the  refiduum  contains  mild  barytes, 
which  is  to  be  extracted,  as  fhewn  No.  32;  the 
barytic  folution  ihould   cryftallize,  but  the  cryf- 
tals  require  many  times  their  weight  of  water,  to 
dhTolve  them  ;  a  circumftanee  which  diflinguilhes 
them  from  thofe  of  flronthian. 

34.  The  reiiduum  fhould  next  be  efTayed  for 
argill    by   repeated     digeftion    in   ftrong  nitrous 
acid,  abftracling  that  acid  by  diflillation  to  dry- 
nefs,  as  in  No.  19,  and  diffolving  the   refidtuim 
in   dilute  nitrous   acid  ;  thus  the   adhering  calx 
of  iron  may   be  feparated  as  there  Ihewn. 

3£.  The  fubftances  undiflblved,  after  thefe  ef^ 
fajs,  may  be  either  gypfum,  barofelenire,  fili- 
s  fandj  or  calx  of  iron  ;  to  feparate  thefe  let 
this  refiduum  be  wafhed,  dried,  and  mixed  with 
two  and  a  half  times  its  weight  of  aerated  foda 
deprived  of  its  water  of  cryftailization;  and  the* 
mixture  roafled  for  an  hour  or  more,  -in  the 
loweft  red  heat,  in  a  crucible  covered  by  another, 
then  lufficiently  wafhed  on  a  filtre,  and  dried. 

36,  The   filtred  liquor  ihouid  with  the  wafh- 

ings    be   ibmevvh:it   evaporated,    faturated    with 

marine  acid,  while  any  effervcfcencc  ariies,  then 

i        <  r  evaporated,  and  tilt  red,  a  filiceous  fub- 

I1  met    1s-   nf'?n  thus  detected,  which  ihould   be 

tic  •  f<]  to  rednefs,  and  weighed  ;  argill  is 

bad 

•nck'rof.the  filtred  alkaline  li- 
;..j,   .V.o-.ld    ti.cn  be    aiiutcci,  ?,nd    efTayed    for 

vitriolic 
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vitriolic  acid  by  nitrated  or  nmriated  barytes, 
the  barofelenite  precipitated,  wafhed,  dried,  ig- 
nited, and  weighed,  will  determine  the  quantity 
of  vitriolic  acid  in  the  folution,  as  barofelenite 
thus  made  contains  one  third  of  its  weight  of 
vitriolic  acid,  of  the  fame  flrength  as  that  in 
tartar  vitriolate. 

38.  We  now  recur  to  the  dried  depofite,  No. 
35  ;  this  fhould    be'  treated    with  nitrous   acid, 
which  will  take  up  the  barytic  and  calcareous 
earths,  if  any,  and  poffibly  fome  portions  of  argill 
and  iron,  from  which  the  folution  fhould  be  freed 
by  cauftic  volatile  alkali,    and  filtration ;     thefe 
are  to  be  feparated  from  each  other,  as  in  No.  34. 

39.  The   filtred  liquor  now  contains  nothing 
but  calx  and  barytes. 

40.  Thefe  may  be  feparated  by  precipitation, 
by  the  vitriolic  acid  which  will  form  a  mafs  of 
barofelenite  and  gypfum;  hot  water  will  gradu- 
ally take   up  the  gypfum,  but  leave  the  barofe- 
lenite; the  water  gives  up  the  gypfum,  by  eva- 
poration   to   drynels;     the  dry    mafs    (hould  be 
heated  to  rednefs,  weighed,  and  treated  as  in  No. 
10,  and  the  barofelenite  as  in  No.  37. 

41.  After  thefefeparations  nothing  but  the  calx 
of  iron  and  filex  can  remain;  the  calx  of  iron 
fhould  be  taken  up  by  marine  acid,  or  by  aqua 
regia,  and,  being  filtred,  the  filex  will  remain  on 
the  filtre,  which,  when  dried,  fhould  be  heated 
to  rednefs,  and    weighed.   The    martial  folution 
Ihould  be  precipitated  by  caull'ic  volatile  alkali, 
which  {hould  be  treated  as  in  No.  19  and  30, 

42.  If  the  fiuor  or  boracic  acids  be  fufpedted  in 
thefe   ftones,  how  the   former  may  be  detected 
will  be  fhevvn  in  No.  72,  and  the  latter  in  No.  81. 

43.  If  the  marine  acid  exifts  in  them,  it  will 
be  found  in  the  folution  No.  4,  and  may  be  pre- 
11  h  3  cipitated 
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cipitated  by  the  folutlon  of  nitrated  filver,  of 
\v!.?ch  235  grains  contain,  when  heated  below 
rednefs,  as  much  marine  acid  as  100  grains  of 
common  fait  44. 

100  parts  luna  cornua,  dried  in  the  tempe- 
rature of  212°,  contains  16  grains  cf  marine 
acid,  and  9  of  water. 


§n. 


45.  Of  Stones  infoluble  in  Spirit  of  Nitre  1,4; 
but  wholly  or  partially  foluble,  and  with 
Effervefcence,  in  Spirit  of  Nitre  1,25,  in  the 
Temperature  of  60°. 

46.  Thefe  ftones  are  of  the  ftronthian  genus, 
but  may  contain  a  mixture  of  baryres,  barofelenite, 
gypfum,  argill,  calx  of  iron,  and  filex. 

47.  How  ftronthiarj  barytes  and  argill  Ihould 
be    feparated,     may    be   feen    from   No.    31    to 
No.  35. 

48.  How  gypfum,  barofelenke,  calces  of  iron, 
and  filex,  may  be  diiiinguifhed  and  feparated,  has 
been  mewn  from  No.  35  to  41  inclufively. 

49.  The  nitrous  acid  1,25  may,  along  with  the 
fironrhian,  diffolve    a   portion    of  gyp!  urn;    this 
however,  cannot  ftand  in  the  folution  along  with 
the  fironthbn,  2;  it  would  immediately  be  decom- 
pofed   and  a  vitriolated  ftronthian  formed  ;  this 
would  precipitate,  and  fhould  be  decompofed  by 
calcination   with  mild   foda,  as   in    No.  35,  the 
alk'  line  part  wafhed  off,  and  treated  for  vitriolic 
acid,  iilex,  and  argill,  as  in  No.  36  and  37. 

4  50.  The 
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50.  The  depofite  on  the  iiltre  from  the  alkaline 
folurion  may  then  conlift  of  mild  fhonthian,  ba- 
rytes,  and  calx,  as  alfo  of  argill,  filex,  and  calx 
of  iron. 

51.  To  feparate  them,  the  whole,  or  all   that 
is  eafily  ioluble,  Ihould  be  dillblved  by  digeftion 
in  nitrous  acid:   the   digeftion  need  not  be  obtli- 
na'e,  as  only  the  argill,  fiiex,  and  calx  of  iron, 
C".n  make  any    considerable  reliftance,  and    they 
may  afterwards  be  treated  apart,  as  in  No  04 
and  41. 

52.  The    barytic    flronthian    and    calcareous 
earths  being  held   in  folution  together,  perhaps 
with  fome    portions   of  argili  and  calx  of  iron, 
the  two  lad  Ihould  be  got  rid  of  by  precipitation 
with  cauftic  volarile  alkali,  and  afterwards  fepara- 
ted  from  each  other  by  the  means  already  often 
mentioned. 

5  3.  The  folution  is  now  fuppofed  to  contain 
only  the  three  firft  earths  ;  to  alcertain  this  point 
it  ihould  firft  be  well  boiled,  to  expel  the  fixed 
air  that  might  have  been  abforbed,  and  then  a 
fmall  portion  of  it  effayed  with  .itronthian  lime 
water;  if  this  produces  a  precipitate  we  may  t>e 
affured  that  calx  exifts  in  the  folutipn,  otherwife 
not. 

54.  If  ftronthian  lime-water  produces  no  pre- 
cipitation,, we  ihould  efTiy  another  portion  of  the 
foliation  with  barytic  lime-water;  it  this  produces 
a  precipitate  (flronthian  lime-water  producing 
none),  we  may  infer  that  ftronthian  exilts  in  the 
folution,  and  not  calx;  but,  if  barytic  lime  wa- 
ter produces  none,  we  may  conclude  that  barytes 
only  exifts  in  the  folution ;  if  both  ftronthian 
lime-water  and  barytic  lime-water  occafion  preci- 
pitates, it  remains  dubious  whether  the  three 
H  h  4  earths 
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earths  are  contained  in  the  folution,  as  this  ap- 
pearance would  take  place  if  calcareous  earth 
alone  exifted  in  it. 

55.  This  doubt,  however,  may  be  refolved  by 
evaporating  the  folution  in  a  moderate  degree,  and 
fufftring  it  to  cool;    for,  firft,  the  nitrated  ba- 
rytes, and  then  the  nitrated  flronthian,  would  cryf- 
talize  ;  the  nitrated  calx,  not,    The  nitrated  ftron- 
thian  is  fol^uble  in  once  or  twice  its  weight  of 
water;  the  nitrated  barytes  requires  much  more. 

56.  Or  dill  better,  by  precipitating  the  whole 
with  vitriolic  acid,  filtering  and  evaporating  the 
remainder  nearly  to  drynefs,  to  obtain  the  whole 
of  the  felenite,  if  there  be  any,  the  depofite  on  the 
filtre  will  then  be  freed  from  felenite  by  repeated 
affufions  of  hot  water,  and  the  folution,  by  eva- 
poration, will  depofite  it,  adding  fpirit  of  wine 
towards  the  end. 

57.  This  being  done,  the  precipitate  on  the 
filtre  can  now  coniiit  only  of  vitriolated  flronthian 
and  barytes;  to  feparate  thefe,  the    dried  mafs 
muft  be  heated  with   two  and  a  half  times  its 
weight  of  dephlegmated  aerated  foda  to  rednefs, 
for  an  hour  or  more,  in  a  filver  crucibie,  and  then 
the  alkaline  matter  wafhed  off  on  a  filtre. 

58.  The   depofite   on   the   filtre,  ignited  and 
weighed,    ihould  then    be   treated   with   nitrous 
acid,  which   will  hold  both   the   ftronthian  and 
barytic  earths   diffolved;    the   folution,    having 
been   boiled  for  fome  time,  may  be  heated  with 
barytic   lime-water,    which   will    precipitate  the 
tfronthian,  if  any  exifts  in  it,  if  not,  it  is  wholly 
barytic. 

59.  If  ftronthian  exifts  in  it,  it  will  be  left  on 
the  filtre  in  the  (late  of  lime,  which  fhouid  again 
be  redifTolved  in  nitrous  acid,  and  precipitated  by 

3  mild 
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mild  volatile  alkali;  this,  wafhed,  dried,  heated, 
and  weighed,  gives  the  quantity  of  mild  ftron- 
thian,  which,  fubtradted  from  that  of  the  mixed 
clepoiite,  No.  58,  gives  that  of  the  mild  barytes. 
It  is  probable  alfo,  that  nitrated  barytes  and 
ftronthian  may  be  feparated  by  cryftallization,  as 
the  barytic  part  may  be  prefurhed  to  cryftallize 
long  before  the  nitrated  ftronthian. 


§  III. 


60.  Of  Stones  infoluble  in  nitrous  acid  1,2,  but 
totally  or  partially  foluble  in  Spirit  of  Nitre, 
whofe  fpecific  gravity  is  1,10,  and  with  effer- 
vefcence, 

61.  Thefe  ftonesconfift  of  mild  barytes,  with, 
perhaps,  a  mixture  of  gypfum,  barofelenite,  ar- 
gill,  filex,  and  calx  ot  iron;  the 'barytic  part 
being  diflblved,  how  the  others  ihould  be  fepa- 
rated has  been  fhewn  from  No.  35  to  41  inclu- 
fively. 
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§  IV. 


62.  Of  Stone  folubte  in  nitrous  Acid,  with  none, 
or  fcarce  any,  Efiervefcence,  in  the  Tempera- 
ture of  the  Atmofphere. 

63.  Of  this  fort   I  know  none  but  phofpho- 
rated  calx*;  and,  as  it   may  contain  fome  por- 
tions of  aerated  calx,  to  detect  this,  the  portion 
of  the  ftone  to  be  analyzed   ihould  be  weighed 
and  difiblved  in  five  times  its  weight  of  nitrous 
acid,  and  the  lofs  of  weight,  if  any,  indicating 
the  aerated  ftate  of  the  ftone  Ihould  be  noted,  the 
folution  filtird,  the  refiduum  on  the  fihre  vvafhed, 
and  the  wafhings  added  to  the  folution. 

64.  The  filtred  folution  Ihould  then  be  treated 
with  cauftic  volatile  alkali,  which  will    precipi- 
tate the  phofphorated   calx,  and  leave  that  por- 
tion of  calx  which  vvasfimply  aer:<red  irt  the  folu- 
tion ;  the  phofphorated.  calx  fhould  then  be  tepa- 
rated  by  filtration,  waihed,  dried,  and  heaicd. 

65.  The  folution,  no.v  containing  the  aerated 
calx  fingly,  Ihould  be  heated    with  mild  volatile 
alkali,  which  will   precipitate  the  calx  in   an  ae- 
rated ftate,  to  be  afterwards  waflied,  dried,  and 
heated  to  rednefs   for  half  an  hour,    and  then 
weighed ;    the  quantity  of  calx  will  be  to   th$ 
whole  of  the  aerated  calx  as  5  to  9.     |(  magnefia 

*  Dclomias  effervefce  more  confiderably  and  durably. 

be 
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be  fufpe&ed,  the  folution  may  be  treated  with 
vitriolic  acid,  as  {hewn  from  No.  7  to  10  inclu- 
(ively. 

66.  We  now  return  to  the  phofphorated  calK, 
No.  64;  this  fhould  be  diffolved  in  four  times 
its  weight  of  nitrous  acid;    after   folution,  the 
vitriolic  acid  ihould  be  added  as  long  as  any  pre- 
cipitate appears,  the  whole  fhould  then  be  filtred, 
and  the  felenite^  on  the  filrre  wafhed  with  dilute 
fpirit  of  wine;  the  filtred  liquor  fhould  then  be 
considerably  evaporated,  to  make  it  depofit  the, 
whole  of  the  felenite ;  the  fpirit   of  wine  may 
alfo  be  added  to  promote  its  reparation,  and  the 
whole  afterwards  caught  on  a  filtre. 

67.  The  felenite  being  thus  expelled,  the  liquor 
fhould  again  be  flightlv  diluted,  and  kept  in  a  boiling 
heat,  to  expel  the  nitrous  acid;  -the   phofphoric 
will  foon  after  thicken,  and  often  grow  purplifh 
from   manganefe  contained  in  it;  the  glafs  con- 
taining it  fhould  then  be  taken  up  and  weighed; 
that  this   acid  is  the  phofphoric  may  be  evinced 
by  its  copious  precipitation  of  lime-water,  by  its 
giving  white    precipitates  \vith  the  folutions    of 
vitriol  of  iron,  and  nitrated  mercury,  and  its  ina- 
bility to  precipitate  the  folutions  of  nitrated  or 
muriated  barytes. 

68.  The  felenite  is  next  to  be  decompofed  by 
boiling  it  with  rnild  foda,  as  in  No.  10. 

69.  The  depoiite  on  the  filtre,  No.  63,  if  any 
be,  fhould   next  be   examined ;  it  may   contain 
gypfum,  barofelenite,  argill,  filex,  and  calces  of 
iron,  the  feparation  has  been  already  fliewn,  from 
No.  35  to  41. 

Phofpholite  mould  alfo  be  diftilled  with  its  own 
weight  of  ftrong,  vitriolic  acid,  to  difcover  whe- 
ther it  contains  the  fluor  acid,  as  it  often  does ;  the 

fparry 
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fparry  acid  air  may  be  known  by  its  abforption 
by  moift  charcoal,  on  which  it  depofites  a  fili- 
ceous  cruft.  It  may  alfo  be  efiaycd  for  marine  acid 
by  boiling  it  in  water,  and  examining  the  water 
by  the  folution  of  filver. 


§  v. 


70.  Of  Stones  that  effervefce  fllghtly  with  the 
Concentrated  Vitriolic,  but  not  with  the  Ni- 
trous Acid. 

71.  The  only  ftones  I  am  acquainted  with  arc 
the  fluors  which  confift  of  calx  and  floor  acid, 
with  fome  mixture  of  fiiex  and  iron. 

72.  To  analyze  thefe  or  any  other  ftone  fuf- 
pedted  to  contain  the  fluor  acid,  let  one  part  of 
the  pulverized  (lone  be  well  mixed  with  two  parts 
of  dried  mild  ibda,  and  the  mixture  melted  in  a 
iilver  crucible;  let  the  melted  mafs   pulverized 
be  thrown   into  warm  water,  and  digefted   in   a 
boiling  heat  in  a  pewter  veffel,  and  then  filtered ; 
the  earthy  part  will   remain  on  the  filtre,  and 
Ihould  be  warned,  dried,  and  heated  to  rednefs. 

73.  The   folution    then  containing  the  alkali 
united  to  the  fparry  acid  fhould  be  flightly  eva- 
porated, and   the   uufaturatcd  part  of  the  alkali 
neutralized  by  diflilled  vinegar  (as  this  will  not 
expel  the  fparry  acid),  and  then  boiled  to  expel 
the  fixed  air  abforbed  during  the  faturation  with 
the  acetous  acid. 

74-  The 
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74.  The  folution  of  fluorated  foda,  being  thus 
prepared,  diflblve  a   known   portion  of  acetated 
lead  in  a  known  weight  of  pure  water  (to  which 
a  little  diftilled  vinegar  fhould  be  added  to  pre- 
vent precipitation),  and  gradually  drop  the  folu- 
tion into  that  of  fluorated  foda;  the  fiuor  acid 
will  unite  to  the  lead,  and  immediately  precipi- 
tate ;  feparate  this  precipitate  by  filtration,  wafh, 
dry,  and  heat  it  to  400°,  and  then  weigh  it ;  its 
weight,  minus  that  of  the  lead  and  of  the  filex 
that  may  be  mixed  with  it,  gives  that  of  the 
fparry  acid  contained  in  the  Hone. 

75.  To  find  the  weight  of  the  lead  and  filex, 
two  proceffes  are  neceflary  : 

Fait,  Mix  the  fluorated  lead  well  pulverized 
with  about  its  own  weight  of  charcoal,  place  the 
mixture  in  a  covered  crucible,  and  heat  it  towhite- 
nefs  for  a  quarter  of  an  hour ;  weigh  the  reduced 
lead. 

Second,  Take  a  quantity  of  acetated  lead  (or 
double,  or  treble,  &cc.)  to  that  employed  in  pre- 
cipitating the  fparry  acid,  reduce  it  by  fulion 
with  charcoal  as  before,  and  find  its  weight. 

76.  If  the  weight  of  the  lead  found  by   the 
fecond  procefs  be  juft  equal  (or  double  or  treble, 
if  fuch  quantities  were  ufed)  to  that  found  in  the 
firft   procefs,  then  the    fluorated  lead,   No.  74, 
contained  nothing  but  lead  and  fparry  acid  ;  but 
if  the  lead  in  the  fecond  procefs  exceeds  the  pro- 
portions juft  mentioned,  the  excefs  denotes  the 
weight  of  the  filex  mixed  with  the  fluorated  lead  ; 
if  it  fell  fhort,  the  operations  were  ill  conducted, 
and  fhould  be  repeated. 

77.  Another  method  of  finding  the  quantity 
of  lead   in  the  fluorated   lead  may  alfo  be  em- 
ployed :  let  a  quantity  of  acetated  lead,  equal  to 

that 
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that  ufed  in  precipitating  the  fparry  acid,  be 
diilblved  in  water,  and  to  this  iblution  add  as 
much  vuriciic  acid  as  is  neceilary  to  precipitate 
the  lead,  then  evaporate  the  whole  to  drynefs, 
and  heat  the  dry  mafs  to  rednefs  for  nenr  a  quar- 
ter of  an  hour,  its  quantity  of  lead  will  be  feven- 
tcnths  ot  the  whole  weight. 

.  The  depofite  on  the  filrre,  No.  72,  fhould 
next  be  examined,  and  affayed  for  phofphoric 
acid,  as  {hewn  in  No.  66 ;  and  alfo  by  volatile  al- 
kali, and  the  (ilex  and  calces  of  iron  feparated, 
as  in  No.  41. 


§  vr. 


79.  Of  Stones  foluble  without  Eflfervefccnce  in 
the  nitrous  Acid,  but  whole  Solution  re- 
quires a  Heat  of  from  180°  to  212°. 

8  .:.  Stones  compounded  of  argil!  and  unae'ra- 
ted  calx,  or  magnefia,  or  either  or  both  of  thefe 
eartlu-,  combined  with  the  boracic  acid,  are  com- 
prehended under  this  head. 

8  i.  To  diicover  and  fcparate  this  acid,  thefe 
{tones,  heated,  pulverized,  and  weighed,  fhould 
be  digefted  in  the  nitrous  acid,  to  which  con- 
centrated vitriolic  acid,  one  quarter  of  the 
-  of  the  ftorie,  fhould  afterwards  be  added, 
and  the  wnoie  gently  e'Vaporated,  nearly  to  dry- 
rivls,  in  a  glafs  retort;  during  the  exficcation,  part 
of  the  boracic  acid  will  iublime ;  fpirit  of  wine 

added 
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added  to  the  dry  mafs,  while  ftill  hot,  repeatedly, 
will  diffolve  the  remainder  ;  when  the  fpirit  of 
wine  takes  up  no  more  (which  will  be  known  by 
evaporating  it  to  drvnefs),  water  fhould  be  added 
to  detach  the  mafs  from  the  retort,  and  the 
whole  thrown  on  a  filtre,  wafhed,  dried,  and 
mixed  with  2,5  its  weight  of  dried  mild  foda, 
and  heated  to  rednefs  for  one  or  two  hours,  then 
thrown  on  a  filtre  and  washed. 

82,  The  filtred  liquor,  faturated  with  an  acid, 
and  boiled  to  expel  the  fixed  air,  and  gradually 
evaporated,  will    depofit  the    filiceous   and  pof- 
fibly  the  argillaceous  matter  it  may  contain. 

83.  The  walhed  mafs,  No.  Si,  ihould  then  be 
dried,  diffolved  in  nitrous  acid,  and  heated  with 
cauflic  volatile  alkali,  to   precipitate  the  argill 
and  part  of  the  magnefia  it  may  contain ;  and 
then  proceed,  as  ihewn  from  No.  6  to  30. 


§  VII. 
t 

84.  Of  Stones  infoluble  in  Acids,  without  parti- 
cular Management,  or,  at  leaft,  fcarcely  iolu- 
ble,  and  with  little  or  no  Effervefcence.  Of 
this  Sort  are  mod  of  the  Stones  or"  the  Muria- 
tic, Argillaceous,  and  Siliceous  Genera,  and 
alfo  Gypfum  and  Barofelenite', 

85.  All  thefe,  even  the  fofter,  are  much  more 
eafily  decompofed  when  their  parts  are  difince- 
grated  by  torrefa&ion,  in  a  low  red  heat,  with 
twice,  or  twice  and  a  half,  their  weight  of  dried 

mild 
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mild  foda,  avoiding  fufion,  but  the  hardeft,  a§ 
the  precious  (tones  may  be  even  melted  with  fix 
or  eight  times  their  weight  of  cauflic  fixed  alkali, 
and  one  or  other  of  thefe  operations  fhould  be 
repeated  untii  the  filiceous  part  of  the  (tone,  af- 
ter  digeftion  in  aqua  regia,  and  fubfequent  tor- 
refaction,  becomes  white,  and  perfectly  vitrifies 
xvith  its  own  weight  of  fixed  alkali,  with  effer- 
vefcence,  or  abfolurely  refufes  to  do  fo,  and  thus 
appears  to  be  adamantine. 

86.  The  torrefied,  or  melted  mafs,  if  whitifh, 
contains  but  little  of  any  metal ;  if  bluifh,  pro- 
bably  manganefe ;    if  greenifli,    manganefe  and 
iron ;  it  Ihould  then  be  well  pulverized,  thrown 
on  a  filtre,  and  treated   with   pure  water,  until 
the  water  comes  off  taftelefs.     Many  faturate  the 
alkalized  mafs  immediately  with  nitrous  or  ma- 
rine acid,  inftead  of  water  ;  and  often  this  is  ad- 
vantageous and  proper,  as  all  the  foluble  earths 
are  then  in  a  greater  ftate  of  divifion,  and  con- 
fequently  more  eafily   foluble  ;  but  it  may  alfo 
happen,  that  the  ftone  contains  the  vitriolic  acid, 
which,    during    tor  refaction,    with    the    alkali, 
unites  with  this  alkali,  and  alfo  calx,  or  barytes, 
or  magnefia ;  when  the  whole   is  afterwards  dif- 
folved  in  the  nitrous  or  marine  acids,  a  double 
decompofition  in  this  cafe  takes  place,  and  the 
felenite  or  barolelenite  are  re-produced.     Hence 
the  former  method  is  fp  general  the  fafeit. 

87.  The  alkaline  folution  Ihould  be  duly  eva- 
porated  if  too  aqueous,  and  faturated  with  ni- 
trous acid,  even  to  a  flight  excefs  ;  the  filiceous 
part  of  the  ftone  will  thus  be  precipitated  frequently 
in  a  gelatinous  form  ;  and,  to  haften  its  precipi- 
tation, it  fhould  be  heated  to  180°,  and  gradu- 
ally evaporated  to  a  confiderable  degree ;  fome 

argill, 


argill,  alfo  taken  up  by  the  alkali,  often  thus  is 
depofited.  The  neutralized  liquor  fhould  then  be 
filtred,  the  depofit  wafhed,  and  dried,  and  the 
filtred  liquor  eflayed  for  vitriolic  acid,  as  in 
No.  37. 

88.  The  depofites,  No.  87,  may  confift  of  fi- 
lex  and  argill,  which  are  beft  feparatedby  boiling 
in  the  vitriolic  acid,  and  precipitating   the  folu- 
tion    by   mild   volatile    alkali  ;    the    argill    thus 
found,  to  be  dried,  heated  to  rednels  for  half 
an  hour,  and  weighed,  or  eflayed,  for  jargonia, 
as  already  mentioned  ;  the  filex  alfo  to  be  heated, 
and  weighed,  as  before  (hewn. 

89.  We  now  proceed  to  the  filtred  mafs,  No. 
86  ;  this   may  confift  of  mild  calx,  ftronthian, 
barytes,  magnefia,  argill,   jargonia,  adamantine, 
befides  fome  remains  of  filex,  with  calces  of  iron, 
manganefe,   or  nickel,    or  fome  undecompofed 
part  of  the  original  ftone. 

90.  To  feparate  thefe,  or  as  many  of  them  as 
exift  in  the  ftone,  treat  the  whole  with  aqua  re- 
gia,  formed  of  two  parts  marine,  and  one  part 
nitrous  acid,  in   a  retort,  and  boiling  heat,  re* 
peatedly  cohobating,  or  adding  freih  acid,  until 
the  whole,   or  nearly  the  whole,   if  poflible,  is 
diflblved  ;  what  efcapes  folution  may  be  either 
filex  or  adamantine,  which   may  be  decided  by 
its  fufibility  or  infufibility  with  fixed  alkalis.     If 
Sydneia  be  fufpedted,  it  may  be  difcovered  by 
its  folution  in  pure  marine  acid,  precipitation  by 
water,  and  other  tefts  of  that  earth.     If  any  con- 
fiderable  part  of  the  ftone  has  efcaped  decompo- 
iition,  it  Ihould  again  be  torrefied  with  fixed  al* 
kalis. 

pi.  The  foluble  earths  being  thus  held  in  fo^ 

lution,  the  colour  of  the  folution  is  to  be  confi- 

I  i  dered  j 
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dered ;  if  yellowiih,  it  probably  contains  iron,, 
and  no  other,  or  but  little  of  any  other  metallic 
fubftance ;  if  browniih,  probably  manganefe ; 
if  greenifh,  poffibly  nickel,  or  copper  ;  if  bluifh, 
copper. 

92.  To  diflinguilh  whether  the  greenilh  colour 
proceeds  from  nickel,  or  copper,  fuperfaturate  a 
portion  of  the  folution  with   cauftic  volatile  al- 
kali ;  if  a  blue  colour  does  not  arife,  the  colour 
fcnuft  be  from   iron  ;  but  if  the  colour  changes 
blue,  it  muft  be  from  copper,  or  nickel ;  if  from 
copper,  a  clean  polifhed  iron  will  precipitate  the 
copper,  but,  if  from  nickel,  it  will  be  of  no  ef- 
fect ;  betides,  the  calx  of  nickel  will  recover  its 
greenifh  colour  as  foon  as  the  volatile  alkali  is 
exhaled,  whereas  that  of  copper  will  not. 

93.  If  the  folution  contains  no  other  metallic 
fubftance,  but  iron,  or  iron  and  manganefe,  we 
may  precipitate  thefe  by  cauftic  volatile  alkali ; 
the  precipitate  filtred,    wafhed,   and    heated  to 
rednefs,  fhould  be  repeatedly  treated  with  nitrous 
acid,  evaporated  to  drynefs  until  the  calces  be- 
come thoroughly   oxygenated,  and,  finally,  the 
argill  and  magnefia  that  may  exift  in  the  preci- 
pitate are  to  be  re-diffolved,  and  feparated  from, 
the  metallic  calces  by  dilute  nitrous   acid,  and 
from  each  other,  as  ihewn  from  No.  19  to  29 
inclufively. 

94.  The  calces  of  iron  and  manganefe  are  next 
to  be  feparated;  to  effect  this,  let  them  be  boiled 
in  a  concentrated  lye  of  cauftic  vegetable  alkali, 
which  will  take  up  the  manganefe,  and  not  the 
iron ;  or  let  them  be  well   mixed  with  eight  or 
ten  times  their  weight  of  pulverized  nitre  thrown 
into  a  cr.ucible,  and  kept  in  fufion  for  one  hour; 
pour  the  melted  mafs  on  a  ftone  flab,  leaving  the 

iron 
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iron  at  bottom  ;  let  the  melted  mafs  be  pul- 
verized, and  thrown  into  a  glafs  veffel  filled  with 
xvater ;  it  will  exhibit  various  colours,  and,  in  a 
few  days,  fubfide  in  a  brown  mats  -,  pour  off  the 
filrred  water,  and  treat  this  bro-.vn  mafs  with 
dilute  nitrous  acid,  adding  fugar,  from  time  to 
time,  or,  what  is  ftill  better,  fulphureous  acid, 
the  calx  of  manganefe  will  foon  diifolve,  preci- 
pitate the  folution  with  mild  foda,  and  weigh  rhe 
white  precipitate,  gently  dried,  of  which  180 
grains  denote  100  of  the  regulus  of  manganefe  ; 
the  weight  of  iron  is  to  be  determined  as  in  No. 

3°- 

95.  If  the   folution    contains  other   metallic 
fubftances,  it  feems  beft,  after  expulfion  of  excefs 
of  acid,    and    fufficient  dilution,  to    precipitate 
them  by  cryftallized  Pruflian  alkali,  made  as  di- 
refted  in  the  fequel,  the  quantity  employed  Ihould 
be   known,   and  noted  ;    if  the  precipitation   be 
flow,    the  folution  Ihould  be  warmed,  or  even 
heated  nearly  to  boiling,  fpirit  of  wine  being  added, 
and  often  filtred.      I  fhall  fuppofe  the  precipi- 
tate, now  obtained,  to  contain  the  different  me- 
tallic fubftances,  it   ihould  be  wafhed,  and   the 
firfl    warnings    added    to    the  folution,    as   thefe 
warnings  contain  part  of  the  folution  of  the  earths 
entangled  in  the  precipitate,  but  when  the  wafh- 
ings  ceafe  to  be  acid,  or  when  it   is  perceived 
that,  when  mixed  with  the  folution  of  iron  they 
produce  a  blue,  they  fhould  ceafe,  otherwife  much 
Gf  the  precipitate  would  be  carried  off.     When 
wafhed,  it   Ihould   be    thoroughly  dried,  heated 
to  rednefs,  and  weighed. 

96.  In  this  Hate  the  calces  fuppofed  to  contain 
nickel,  cobalt,  and    copper,    are    to    be    treated 
with  cauitic  volatile  alkali,  which  will  turn  blue, 
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with  the  calces  of  copper,  or  nickel,  and  gra- 
dually extract  them;  to  be  certain  that  the  whole 
.of  the  nickel  is  feparated,  the  precipitate  fhould 
be  again  diflblved  in  the  nitrous  acid,  the  folu- 
tion  evaporated  to  drynefs,  weighed,  and  repea- 
tedly treated  with  cauftic  volatile  alkali,  as  long 
as  it  affumes  a  blue  colour. 

97.  To   feparate   the   calces  of   copper  and 
nickel,  the  volatile  alkaline  folution  fhould  be 
duly  feparated  with  any  acid. 

98.  If  there  be  any  cobalt  in  the  folution^  it 
would  be  precipitated  during  the  faturation. 

99.  The  neutralized  folution   fhould  be  then 
divided    into    two  equal   portions  ;    into   one  of 
\vhich  clean  polifhed  iron   plates  fhould  be  im- 
merfed  ;  on  thefe  the  copper  contained  in  that 
portion  of  the   folution   will   be  depofited  ;  this 
Ihould  be  fcraped   off,  and  the  operation   conti- 
nued as  long  as  any  copper  remains  ;  as  thefe 
depofits,  however,    are  contaminated  with    iron, 
they  fhould  be  re-diflblved  in    nitrous  acid,  the 
folution  evaporated  to  drynefs,  and  again  treated 
with  cauftic  volatile  alkali,  which  will  take  up 
the  calces  of  copper  fmgly  ;  the  alkaline  folution 
evaporated  to  drynefs,  and  the  refiduum  heated 
to  rednefs  for  half  an  hour,  is  the  true  weight  of 
the  calx  of  copper. 

100.  The  fecond   portion  of  the  neutralized 
folution  fhould  then   be  evaporated   to  drynefs, 
heated  in  the  fame  manner,  and  weighed  :  from 
this  weight  fubtradt  that  of  the  calx  of  copper 
found  in  the  laft  procefs,  the  remainder  gives  the 
weight  of  the  calx  of  nickel  contained  in  the  fe- 
cond portion,  which  doubled  gives  that  of  the 
nickel  in  both   portions,  as  the   weight  of  the 
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copper  doubled  gives  the  whole  of  that  of  cop- 
per. 

101.  The   refidue  of  the   calces  left  by   the 
cauftic  volatile  alkali,  No.  96,  containing  either 
iron,  or  iron  and  manganefe,  is  to  be  treated  as 
in  No.  94  ;  but,  from  the   weight  <of  the  iron, 
xve  muft  fubtrad:  that  of  the  calces  contained  in 
the  Pruffian  alkali  employed,  of  which  we  Ihall 
prefently  treat. 

102.  We  now  return  to  the  folution,  No.  95, 
which  we  fuppofe  cleared  from  all  metallic  fub- 
flances,    but   poj/ibiy    containing   all    the    earths 
(though,  if  the  metallic  fubftances  were  precipita- 
ted by  cauftic  volatile  alkali,  the  argill  and  jargo- 
nia  would  alto  be  feparated).     Not  that  all  thefe 
earths   have   ever    been   found    together  in    any 
ftone,  but  as  three  or  four  of  them  indifcrimi- 
nately  taken  often  have,  it  is  neceffary  to  give  a 
general  method    of  discriminating  and  fevering 
them  ;  it  were  beft,   however,  to  inftitute  fmall 
eflays  of  each,  to  find  which  of  them  fhould  be 
excluded  from  attention.    Thus,  if  vitriolic  acid, 
inftilled  into  a  portion  of  the  folution,  does  not, 
after   10  or  15   minutes,  caufe  a  precipitate,  we 
may  be  affured  that  neither  barytes  nor  llronthian 
exift  in  it ;  and  if,  even  after  evaporation  of  the 
effayed  portion,  no  precipitate  appears,  calx  alfo 
may  be  excluded.     So,  if  cauilic  volatile  alkali 
caufes   no  precipitate,  argill   and   magnefia  may 
be  excluded  from  the  folution  ;  if  it  does  caufe 
a  precipitate,  let  this  precipitate  be  re-dillblved, 
and  again  precipitated   by    mild  volatile  alkali, 
and  dry  it  well ;  if  then  it  eaiily  diflblves  in  ma- 
rine acid,  it  is  magnefia,  and  argill  may  be  ex- 
cluded ;  but   if   not  it  is  argill,    and  magnefia 
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rray  be  excluded*.     But  if  all  thefe  be  found, 
as  they  often  are,  operate  as  follows  : 

103.  Dilute  the  folution   pretty  largely,  and 
pr  cipitate  the  barytes,  flronthian,  and  calx,  by 
adding  vitriolic  acid  as  loHg  as  any  precipitation 
appears;  filrje  this  off,  waih  it;  it  will  p  obably 
contain  only  vitriolated  barytes  and  ftro^  hi    . 

104.  Evaporate  the  folution  dill  farther,  and 
add  a  few  drops  of  vitriolic  acid ;  if  a  precipi- 
tate then  appears,  it  is  vitriolated  calx  ;  add  the 
vitriolic   acid    until  this   alfo  ceafes ;  filtre,  and 
wafh  the  matter  on  the  filtre  with  dilute  fpirit  of 
wine  ;  evaporate  flill  farther,  more  felenite  will 
appear,  which   is  to  be  filtred  off,  wafhed,  and 
dried,  as  the  former  product,  and  at  laft  heated 
and  treated  as  in  No.  10. 

105.  The  wafhed  mafs,  103,  Ihould  then  be 
eifayed  for  felenite,  by  pouring  on  it  500  times 
its  weight  of  water,  heated  to   180;  if  this  af- 
fords  no  precipitate  with  flronthian  lime-water, 
we  may  be  afiured  it  contains  no  felenite  ;  if  it 
does,  the  felenite  Ihculd  be  wafhed  off. 

106.  The   vitriolated   mafs,   103,  containing 
nothing  but  vitriolated  barytes  or  ftronthian,  of 
both,  Theuld  then  be  treated  as  {hewn  from  No. 
^y  to  59  inclufively. 

107.  The  folution,  No.  103,  can  now  contain 
nothing  elfe  but,  magnefia  and  argill  ;  thefe  are, 
therefore,  to  be  precipitated  by  mild  volatile  al- 
kali, and  feparated,  as  Ihewn  from  No.  21  to  30. 

*  Set  afide  fome  proportionate  part  of  the  folution,  as 
one  eighth,  or  one  tenth,  for  fuch  eflays  to  be  afterwards 
brought  into  the  general  account. 

*  VIII. 
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§  vnr. 


Of  the  Pruffian  Alkali. 


The  Pruffian  alkali  is  an  agent  of  great  im- 
portance, as  it  is  an  infallible  teft,  not  only  of 
metallic  fubftances  in  general,  held  in  folution  by 
any  unrnetallic  acid  (platina  excepted),  but  even 
of  the  fpecies  and  weight  of  that  metal,  if  fingle, 
and  the  alkali  properly  conditioned. 

To  anfwer  thefe  purpofes,  it  muft  be  carefully 
prepared  and  properly  applied  •,  otherwife  it  will 
not  only  precipitate  metals  without  their  charac- 
teriftic  colours,  or  any  defignation  of  their 
weight,  but  alfo  earthy  fubftances,  and  particu- 
larly the  barytic  and  the  argillaceous. 

To  apprehend  the  reafons  which  determine  the 
preference  of  one  among  the  many  preparations 
that  have  been  hitherto  devifed,  it  is  neceffary  to 
ftate  a  few  circumftances  relative  to  its  general 
nature  and  mode  of  action,  which  have  not  yet 
been  fufficiently  developed. 

Pruffian,  or  Prufliated  alkali,  formerly  called 
the  phlogifticated  alkali,  is  an  alkali  united  to 
a  particular  tinging  fubftance  by  the  intermedia- 
tion of  iron,  calcined  indeed,  but  only  to  that 
degree  that  does  not  prevent  it  from  ftill  being 
magnetic. 
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This  tinging  matter  is  itfelf  an  acid  of  the  vo- 
latile kind,  and  of  a  very  peculiar  nature ;  for, 
though  it  feems  to  have  a  greater  affinity  to  alkalis 
and  earths  than  to  any  metal,  yet  it  unites  to 
them  much  more  difficultly  when  in  its  free 
{late,  and  adheres  to  them  more  feebly  than  the 
metallic  fubftances,  which  I  fufpeft  arifes  from 
its  being  more  condenfe'd  in  the  latter  than  the 
former.  When  united  to  alkalis  it  is  feparable 
from  them  by  the  mere  action  of  folar  light,  and 
alfo  by  a  heat  not  exceeding  1 10°,  or  even  a  lower, 
in  a  longer  time. 

Metallic  fubftances  united  to  this  acid  are 
called  Prufliated  Metals. 

Alkalis  and  earths  extract  this  acid  imperfectly 
from  Pruffiated  metals;  but,  when  once  united 
to  this  acid,  they  have  a  ilrong  affinity  to  the 
metals  whence  they  received  it,  and  thus  form 
triple  falts,  or  rather  faline  compounds,  called 
Pruffiated  alkalis,  or  Pruffiated  calx,  &c.  Pruf- 
fiated alkalis,  to  whofe  confederation  I  now  con- 
fine myfelf,  are  capable  of  cryftallization  (except 
the  volatile),  2nd  foluble  in  three  or  four  times 
their  weight  of  water,  in  the  temperature  of  the 
atmofphere  ;  moreover,  if  not  overloaded  with 
iron,  the  metal  to  which  they  are  commonly 
united,  they  are  not  readily  decompofed  by  acids 
tvithout  the  ^ffiftance  of  heat,  or  digeftion  in  large 
quantities  of  the  flrorger  acids. 

On  the  other  hand,  iron  (or  rather  its  calces) 
forms,  with  the  Pruilian  acid,  compounds  of  two 
different  kinds ;  the  one  fully  faturated,  the  other 
ynfaturated. 

Calces  of  iron,  thus  circumftanced,  prefent 
different  colours ;  the  fully  faturated,  a  deep 
blue,  and  intermediate  gradations  of  laturation, 
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tyith  correfponding  fhades  of  blue;  the  unfatu- 
rated  are  yellow;  when  both  are  mixed  they  af- 
ford a  green. 

The  unfaturated  calces  have  a  (Irong  affinity  to 
the  quantity  of  Pruffian  acid  requifite  to  faturate 
them  ;  they  are  alfo  loluble  in  common  acids ; 
bur,  if  the  common  acids  are  not  in  fufficient 
quantity  to  diflblve  the  whole  of  them,,  the  Pruf- 
fian  acid  expelled  from  the  diffolved  part  unites 
to  the  undiflblved  part,  and  converts  this  by  fa- 
turating  it  into  a  blue  calx  ;  the  blue  calx  ^  very 
difficultly  decompofed  by  any  acid,  even  the 
ftrongetf,  in  the  temperature  of  the  atmofphere. 

Alkalis  and  earths  unite  with  both  forts  of 
calces,  but  moit  ftrongly  with  the  blue,  yet 
they  can  unite  with  either;  they  muft  themfelves 
be  impregnated  with  a  portion  of  the  Pruffian 
acid,  of  which  they  ftrip  them,  as  already  laid. 

Hence  when  an  alkali  or  earth  is  digefted  with 
a  blue  calx,  it  firft  drips  a  part  of  its  faturating 
proportion  of  the  tinging  acid,  and  thus  converts 
that  part  into  the  yellow  calx,  it  then  takes  up 
not  only  a  portion  of  blue  calx,  but  a  flill  larger 
of  the  yellow  calx.  Now,  to  expel  from  the 
alkali  this  yellow  part,  which  adheres  more 
weakly  to  it  than  the  blue,  is,  or  ought  to  be, 
the  objedt  of  all  purifications  of  this  teft.  If  to  an 
alkali,  which  contains  a  large  proportion  of  this 
yellow  calx,  an  acid  be  added,  the  precipitate 
will  neverthelefs  be  blue,  becaufe-.that  part  of 
the  tinging  matter  that  was  more  immediately 
united  to  the  alkali  quits  it,  and,  joining  the 
yellow  calx,  renders  it  blue. 

I  now  proceed  to  examine  the  preparations  of 
this  teft,  that  have  been  moft  frequently  ufed  in 
niineral  analyfes. 

The 
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The  firft,  and  original  compound  of  this  fort, 
is  that  which  is  called  the  blood  lye,  being 
formed  by  the  calcination  of  dried  blood,  \vith 
fixed  alkalis.  In  this  compound  the  tinging 
matter,  accompanied  with  a  fmall  proportion  of 
the  calx  of  iron,  is  combined  with  the  fixed  al- 
kali ;  but  the  high  degree  of  heat  in  which  the 
•union  takes  place,  and  the  fmall  proportion  of 
iron  prevents  the  alkali  from  being  perfectly  fa- 
turated,  or,  at  leaft  from  being  fo,  firmly  and 
durably  ;  befides,  in  the  alkali  ufually  employed, 
there  is  a  contamination  of  vitriolated  tartar,  or 
vitriolated  foda,  fome  coal  from  the  blood,  with 
volatile  alkali,  and  fulphur  refulting  from  the 
mixture  of  the  coal  and  the  vitriolated  falts, 
during  ignition. 

This,  therefore,  is  an  improper  tefl ;  its  un- 
faturated  or  feebly  faturated  part  decompofes 
folutions  of  earths,  particularly  when  they  con- 
tain an  excefs  of  acid,  as  thofe  of  alum  and  ba- 
rytes  always  do ;  the  vitriolated  falts  alfo  preci- 
pitate barytic,  ftronthian,  and  calcareous  earths ; 
thefe  latter  invifibly,  if  the  folution  be  dilute. 
This  lye,  poured  on  a  folution  of  iron,  produces 
a  greenifh  precipitate ;  but  an  acid,  poured  on 
the  precipitate,  turns  it  blue,  by  diffolving  the 
yellow  calx,  produced  either  by  the  action  of 
the  unfaturated  part  of  the  alkali,  or  owing  its 
colour  to  imperfect  faturation  with  the  tinging 
matter. 

Hence  the  common  Berlin  blue  of  the  Ihops  is 
produced  by  the  mixed  folutions  of  vitriol  of 
iron  and  of  the  alum  by  the  blood  lye ;  for  the 
acid  of  the  alum  neutralizes  the  unfaturated  part 
of  the  blood  lye,  and  alfo  that  which  might  be 
5  '  feebly 
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feebly  impregnated  with  the  tinging  matter,  and 
hence  the  precipitate  is  blue. 

It  is  plain,  therefore,  that  the  Berlin  blue,  fo 
I  call  the  Pruflian  blue  of  the  fhops,  is  not  pure 
Prufliated  iron,  but  a  mixture  of  this  with  em- 
bryon  alum  ;  that  is,  with  alum  which  is  barely 
flripped  of  its  excefs  of  acid,  together  with  coai, 
fulphur,  and  other  impurities  of  the  blood  lye. 

Macquer  firft  difcovered  that  Pruffiated  iron, 
or  Berlin  blue,  might  be  flripped  of  the  tinging 
matter  by  digeflion  with  alkalis  ;  and  that  thefe, 
\vhen  faturated,  do  not  decompofe  faturate  folu- 
tions of  any  qarth,  though,  by  means  of  a  dou- 
ble affinity,  they  decompofe  and  precipitate  me- 
tallic folution;  an  alkaline  lye,  thus  faturated  with 
the  Pruffian  acid,  or  Pruffiated  iron,  is  called 
IVIacquer's  Lye  or  Teft. 

It  is  to  be  remarked,  however,  that  though  an 
alkali  may  thus  be  neutralized,  it  will  not  long 
continue  neutral,  becauie  it  takes  up  much  of 
the  yellow  calx  (which  originates  from  the  heat 
neceffarily  employed  to  impregnate  the  whole  of 
the  alkali)  ;  and  this  calx,  adhering  lightly,  f  )on 
falls  in  the  form  of  a  blue  calx,  particularly  if 
expofcd  to  the  air,  from  which  the  alkali  may 
derive  the  aerial  acid;  fo  alfo  mineral  acids,  or 
even  weaker  acids,  decompofs  ic,  if  not  immedi- 
ately, at  lead  after  a  few  hours,  an  effeft  which 
has  often  been  falfely  afcribed  to  the  iron  con- 
tained in  thofe  acids  ;  hence  earthy  folutions  that 
contain  an  excefs  of  acid,  as  thofe  of  alum  and 
barytes,  are  foon  precipitated  by  it ;  yet  if  thcte 
folutions  contain  a  large  excefs  of  acid  they  may 
efcape  precipitation,  as,  afrer  faturaring  the 
weakly  combined  part  of  the  alkali,  enough  of 
fhe  excefs  may  ilill  remain  to  keep  the  earths  iu. 
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folution,  but  they  will  aflame  a  blue  colour, 
from  the  precipitation  of  the  yellow  calx,  as  al- 
ready explained.  This  lye  alfo  takes  up  the 
fulphur,  coal,  and,  by  the  wafhings,  part  of  the 
tartar  vitriolate  and  earth  of  alum  contained  in 
the  Berlin  blue,  for  which  reafon  it  will  always 
precipitate  barytic  or  ftronthian  folutions  vifibly, 
and  thole  of  calx,  though  perhaps  invifibly,  by 
reafon  of  the  greater  folubility  of  felenite,  and 
hence  it  is  a  bad  teft  for  metals. 

Baume  endeavoured  to  remedy  thefe  defects, 
by  adding  diflilled  vinegar  until  the  lye  ceafed 
to  depofit  a  blue  calx ;  but,  as  the  a&ion  of 
this  weak  acid  muft  be  exerted  fome  hours, 
and  even  days,  before  it  can  precipitate  various 
gradations  even  of  the  yellow  calx,  it  is  impof- 
lible  to  determine  its  quantity  with  precifion  ;  if 
too  little  be  added,  the  lye  (till  continues  defec- 
tive ;  and  if  too  much,  this,  after  many  days, 
or  perhaps  weeks,  will  loofen  the  union  of  the 
blue  calx,  by  expelling  from  the  alkali  that  por- 
tion of  the  tinging  matter  neceflary  to  keep  it  in 
the  flate  of  a  blue,  and  leaving  it  for  a  while 
only  that  which  retains  a  yellow  calx  united  to 
the  alkali,  and  thus  leaves  it  in  a  fliort  time  as 
imperfect  as  at  firft  ;  befides,  the  vitriolic  con- 
taminations flill  remain. 

Mr.  Bergman's  lye  is  the  fame  as  that  of  Mac- 
quer ;  the  proportions  only  being  more  accurately 
defined,  for  the  purpofe  of  fubfequent  correction. 
His  alkali  is  formed  by  the  detonation  of  equal 
parts  nitre  and  cream  of  tartar,  and,  confe- 
quently,  nearly  cauflic.  This  he  diffolves  in 
about  a  pint  of  water,  and  digefts  with  four 
times  its  weight  of  Berlin  blue,  gradually  added 
until  it  ceafes  to  be  difcoloured,  fupplying  it 
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with  water,  in  proportion  to  the  quantity  evapo- 
rated ;  and,  laftly,  boiling  the  whole  for  half  an 
hour.  This  lye  it  is  evident  takes  up  the  fame 
impurities  as  the  former,  and  is  equally  defec- 
tive. 

Others  have  prepared  this  ted  by  faturating 
lime  with  the  Pruffian  acid  ;  but,  as  it  is  decom- 
pofed  by  the  mere  action  of  the  vitriolic  acid, 
it  is  frequently  fallacious,  not  to  infift  on  other 
defeas. 

Others  prepare  it  by  faturating  volatile  alkali 
with  the  tinging  matter ;  this,  if  it  could  keep 
always  homogeneous,  would  anfwer  remarkably 
well.  I  omit  various  other  metnods  of  purifica- 
tion that  have  been  devifed,  as  they  have  not 
been  employed  in  mineral  analyfis.  I  fhall  only 
remark,  that  almoft  all  of  them  leave  fo  much 
Pruffiated  iron  combined  with  the  Prufiiated  al- 
kali as  totally  to  difguife  the  colours  of  the  me- 
tals  precipitated  by  them.  In  general,  any  pre- 
paration of  this  teft  that  contains,  when  in  a  dry 
form,  more  than  30  per  ct.  of  Pruffiated  iron, 
will  difguife  the  colour  of  moft  other  metals  pre- 
cipitated by  it,  even  a  fmaller  quantity  will  pro- 
duce this  erTecl  if  it  contains  the  yellow  calx. 
Now,  by  Weftrumb's  experiments,  Macquer's 
Pruffiated  alkali  cryftallized  affords  40  per  ct.  of 
Pruffiated  iron,  and  after  Baum-'s  purification 
33;  Bergman's  purified  by  fpirit  of  falc  28; 
Pourcroy's  3 1  ;  bcopoli's  27;  Giovanetti's  24; 
Brugnarelli's  24;  Struvius's  22  •,  Klaproth's  22. 
I  fay  affords,  for,  in  faft,  the  iron  they  contain 
is  not  fully  Pruffiated  until  it  and  the  tinging 
matter  are  expelled  from  the  alkalis  by  the  iu- 
pervening  acid. 

2  The 
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The  fame  able  and  induftrious  chemift  has 
ihewn  that  Fruffiated  iron,  well  wafhed  and  dried, 
contains  very  nearly  half  its  weight  of  the  tinging 
matter  i  and  it  will  preiently  be  ieen  that  100 
parts  vegetable  alkali  take  up  46  of  the  tinging 
matter. 


Of  Klaproth's  Ted  and  its  Application. 

1.  Prepare  a  pure  vegetable  alkali,  by  gradu- 
ally projecting  a  mixture  of  equal  parts  purified, 
nitre  and  cryltals  of  tartar  into  a  large  crucible 
heated  to  whitenefs  ;  when  the  whole  is  injected, 
let  it  be  heated  to  whitenefs  for  half  an  hour,  to 
burn  off  the  coal. 

2.  Detach  the   alkali  thus  obtained  from   the 
C'-uc'ylc,  reduce    it  to    powder,  fpread  it  on    a 
nusule,  and  expofe  it  to  a  white  heat  for  half  an 
hour. 

3.  Diffolve  the  calcined  fait  in  fix  times  its 
weight  of  water,   and  filtre   the  foludon    while 
warm. 

4.  Pour  this  folution  into  a   glafs  cucurbit  or 
receiver,  heated  to   170  or  180°,  in  a  fand   fur- 
nace, and  then  gradually   add   the  beft  Pruffian 
blue  in  powder,  injecting  new  portions  according 
as  the  former  becomes  grey,  and  fupplying  water 
as  faft  as  it  evaporates ;  continue  until  the  added 
portions  are  no  longer  difcoloured,  then  increafe 
the  heat  to  212°,  for  half  an  hour. 

5.  Filtre  the  lye,  thus  obtained,  and  faturate  it  with 
vitriolic  acid,  moderately  diluted  ;  a  precipitate 
will  appear  when  this  ceafes ;  filtreoff  the  whole, 
and  waih  the  precipitate. 

6.  Evaporate 
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6.  Evaporate  the  filtred  liquor  to  about  one 
quarter,  and  fet  it  to  cryftallize;  after  a  few  days, 
yellowifh,  cubic,  or  quadrangular  cryftals  will  be 
found  mixed  with  fome  tartar  vitriolate,  and  calx 
of  iron  ;  pick  out  the  yellowifh  cryftals,  lay  them 
on  blotting  paper,  and  rediflblve  them  in    four 
times  their  Weight  of  cold  water,  to  exclude  the 
tartar  vnriolate. 

7.  Effay  a  few  drops  of  this  folution  with  ba- 
rytic  lime-water,  and  add  fome  to  the  remainder; 
if  neceffary,  filtre  off  the  folution,  and  fet  it  to 
cryftallize  for  a  few  days  ;  thus  the  barytic  lime, 
if  any  Ihould  remain,  will  be  precipitated  ;  if  the 
cryftals,  now  obtained,  are  of  a  pale  yellow  co- 
lour, and  difcover  no  bluifh  ftripes  when  fprin- 
kled  over  with  marine  acid,  they  are  fit  for  ufe; 
but,  if  they  dill  difcover  bluifh  or  green  ftreaks, 
the   folutions   and   cryftallizations   mud   be   re- 
peated. 

8.  Thefe   cryftals    muft  be   kept  in    a   well- 
flopped  bottle;  and  I  think  it  right  to  fill  it  with 
fpirit  of  wine,  to  preferve  them  irom  the  air,  as 
they  are  infoluble  in  fpirits. 

9,  Before  they  are  ufed,  the  quantity  of  iron 
they  retain  (and   which  I  therefore  call  their   re- 
tent)  fhould  be  afcertained,  by  heating  100  grains 
to  rednefs  for   half  an    hour  in  an  open  crucible, 
the  Pruffian  acid  will  be  confumt-d,  and  the  iron 
will  remain  in    the  flate  of  a  reddifh  brown  mag- 
netic calx,  which  fhould  be  weighed,  and  noted  ; 
if  the  calx  be  black,  it  will  weigh  confiderably 
more  than  it  fhould,  and  muft  be  calcined  anew; 
the  red  calx  is    half  the   weight  of  the  PrufHan 
blue,  afforded  by  the  Pruffian  alkali;  its  weight 
muft  be  fubtradted  from  that  of  metallic  precipi- 
tates formed  by  this  tell.     Hence  the  weight  of 

the 
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the  cryftals,  in  a  given  quantity  of  the  folutiotl 
ihould  be  noted,  that  the  quantity  employed  in 
precipitation  may  be  known. 

Remarks  on  the  Analyjis  already  made. 

It  has  been  to  many  matter  of  much  furprize 
that  the  fame  flone,  analyzed  by  different  eminent 
artifts,  has  been  found  to  contain  either  different 
ingredients,  or,  at  leafl,  different  proportions  of 
the  fame  ingredients;  of  fuch  differing  refults, 
various  examples  have  been  feen  in  the  foregoing 
chapters;  feveral  have  been  led  to  fufpecl:,  that 
chemical  analyfes  have  hitherto  been  either  very 
imperfect,  or  totally  ufelefs. 

The  opinion,  however,  of  the  inutility  of  de* 
veloping  the  principles  of  which  any  compound 
confifls,  is  too  abfurd  to  deferve  attention  ;  who 
can  deny  the  properties  of  a  compound  are  either 
the  refults  of  thofe  of  the  ingredients  of  which  it 
confifls,  modified  by  the  proportion  of  thofe 
ingredients,  or  new  ones  refulting  from,  and 
grounded  on,  particular  proportions  of  thofe  in^ 
gredients,  neither  of  which  circumftances  can  be 
determined  othcrwife  than  by  analytic  invefti. 
gation  ? 

The  imperfection  of  many  of  the  analyfes 
hitherto  made  mufl  indeed  be  allowed,  though 
the  inftances  are  not  fo  frequent  as  have  been 
imagined;  feveral  flones  that  have  been  denoted 
by  the  fame  name  are  in  reality  different,  and 
have  been  found  to  be  fo,  even  by  an  attentive 
confideration  of  their  external  characters  ;  for  in- 
fiance,  the  different  forts  of  felfpar,  fhorl,  aclyno- 
lites,  &c.  no  wonder,  therefore,  that  their  ana- 
Jyfes  Ihould  prefent  different  remits. 

The 
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The  real  imperfections  of  many  analyfes  have 
arifen  from  various  caufes;  as,  firft,  our  igno- 
rance of  fome  of  the  fimple  earths,  thus  ftronthian 
has  hitherto  been  confounded  with  barytes,  or 
perhaps  with  calx,  jargonia  with  argill,  and 
adamantine  with  lilex ;  fydneia  has  as  yet  been 
fcarcely  noticed ;  this  fource  of  error,  inevitable 
in  an  art  fprung  up  within  thefe  twenty  years, 
will  neceflarily  daily  diminim;  analyfts  will  be- 
come  more  circumfpect  in  determining  the  nature 
of  any  fubftance,  before  two  or  three  of  its  moft 
eflential  properties  will  have  been  afcertained. 

Secondly,  Many  deceptions  have  arifen  from 
the  erofion  of  mortars,  during  trituration,  many 
from  the  mixture  of  the  earths  of  crucibles 
during  calcination. 

Thirdly,  The  difference  of  the  proportion  of 
ingredients  in  many  fubftances  is  often  more  ap- 
parent than  real,  ariling  intirely  from  the  various 
degrees  of  deficcation  that  have  been  employed 
by  different  analyfts,  and  fometimes  by  the  fame ; 
this  point  is  fo  important,  that  I  lhall  examine 
it  more  particularly,  hoping  that  fome  of  our  moft 
eminent  artifts  may  determine  fome  precife  de- 
gree, and  the  term  of  its  duration  that  fliould  in 
future  be  always  obferved. 

Mr.  Bergman,  in  his  eflay  on  the  analyfis  of 
mineral  waters  treating  of  the  weights  of  earths, 
mentions  no  precife  limit  or  degree  of  heat 
to  which  they  Ihould  be  expoied  ;  in  his 
treatife  on  metallic  precipitates,  he  requires  in- 
deed thefe  to  be  dried,  firft  in  a  gentle,  and  at 
laft  in  the  heat  of  boiling  water  for  five  minutes  ; 
but  eftimating  the  weight  of  different  falts,  in 
his  eflay  on  mineral  waters,  he  takes  them  in 
K  k  their 
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their  cryftallized  form,  and  confequently  dried 
in  a  low  heat. 

Siliceous  earth  he  defires  fhould  be  barely 
dried  *,  I  fuppofe  in  the  temperature  of  the  at- 
mofphere 

With  refpe<3:  to  calx,  argill  t  and  magnejia,  in 
'his  treatife  on  mineral  waters,  he  fubmits  to  the 
operator  whether  the.  mafs  that  contains  them 
fhould  be  calcined  or  not  -f»,  and  then  weighed ; 
he  feparates  the  magnefia  and  calx  from  the 
containing  mafs  by  diftilled  vinegar ;  to  obtain 
their  joint  weight,  he  requires  the  mafs  from 
which  they  were  extracted  to  be  waftied,  dried 9 
and  weighed,  and  their  weight  difcovered  by  the 
lofs  of  weight  of  the  dried  refiduum.  Here  it  is 
plain  the  refiduum  muft  again  be  calcined  to 
difcover  the  weight  it  had  loft,  as  in  a  lower  heat 
this  muft  vary  confiderably ;  but  how  the  weights 
of  the  calx  and  magnefia,  feparately,  are  to  be 
determined,  he  does  not  clearly  indicate.  Nor 
in  his  effay  on  gems  is  he  more  explicit,  defining 
the  weight  of  the  calx  and  magnefia  only  by  the 
quantities  of  gypfum  or  Epfom  they  may  yield, 
that  of  Epfom  muft  vary  confiderably  in  a  high 
hear.  In  his  analyiis  of  lythomarga  he  directs  the 
argill  to  be  barely  dricd%. 

Hence  we  fee  he  follows  no  certain  rule  in  efti- 
mating  the  quantities  of  argill,  magnefia,  and 
calx  -,  thefe  laft  he  wifhes  rather  to  determine  by 
the  quantity  of  faline  matter  they  yield  when 
converted  into  falts  and  cryftallized  §,  the 
quantity  of  earth  in  thefe  cryflals  being  already 

*  zd  Bergman,  92.    4th  Bergnr.an,  148. 
t   i ft  Bergman,  123. 
I  4th  Bergman,   151. 
§  i ft  Bergman,  124. 

determined  : 
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determined ;  but  it  is  well  known  that  cryflal- 
lization  fcarcely  ever  affords  the  whole  of  the  fub- 
ftances  contained  in  the  folution  ;  with  regard  to 
Epfom,  in  particular,  its  weight  varies  with  the 
temperature  of  the  water  in  which  it  was  cryi- 
tallizedj  and  the  heat  and  moifture  of  the  air 
in  which  thefe  cryftals  are  dried  \  this  method  is 
therefore  very  infecure. 

Moreover,    Mr.  Weftrumb  found   that  69,75 

J rains  of  filiceous  earth,  precipitated  from  liquor 
licum  (filicited  alkali)  well  wafhed  and  dried, 
weighed  no  more  after  expofure  to  a  red  heat 
than  61,5,  and  confequently  loft  11,8  per  ct.  *  : 
whether  this  lofs  of  weight  proceeds  from  fome 
inflammable  matter,  or  from  water  retained,  it 
is  equally  certain  that  deficcation  in  the  heat  of 
the  atmofphere  does  riot  determine  the  real  quan- 
tity of  this  earth;  on  another  occafion  he  found 
filex  weighing  at  112°,  25,5  grains  to  neigh  af- 
ter a  red  heat  only  22  ~}*,  the  difference  is  about 
13,7  perct. 

By  this  remark  I  am  far  from  meaning;  to  de- 
tradt  from  the  merit  of  this  truly  refpedtable  phi- 
Jofopher,  fo  far  indeed  that  I  freely  own,  that,  in 
the  few  analyfes  I  made  myfelf,  I  fell  into  the 
fan  e  miftakes;  fucn  errors  are  incident  to  the  firft, 
attempts  in  every  art. 

With  refpect  to  argill,  the  difference  of  weight 
arifing  from  different  degrees  of  deficcation  is 
enormous.  Mr.  Wenzel  tound  that  argill  preci- 
pitated by  mild  foda,  and  weighing  when  dried 
in  the  air  140  grains,  might  by  ignition  conti- 
nued for  two  hours  be  reduced  to  56,  that  is,  to 

*  ad  Chy.  Ann.  1790,  p.  218. 
•j-  ad  Bergb.  29. 

K  k  2  lefs 
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lefs  than  one  half  its  weight.     Knock  found  that 
argill  dried  at  66°  of  Fahrenheit  and  51  of  Sauf- 
fure,  and  then  weighing  32  grains,  loft  by  igni- 
tion continued  for  one  hour  12  grains,  that  is, 
37.5  per  ct.  *     Weftrumb  obferved,  dry  argill, 
weighing    16,625  gra^ns>  to  weigh  after  a  long 
continued  calcination  only   10,  it  loft  therefore 
above  40  per  ct.  -j*;  but  this  had  been   precipi- 
tated by  cauftic  volatile  alkali;  in  another  expe- 
riment,   argill    that   had   been    precipitated   by 
mild  Ibda,  and  conlequently   taken  up  fixed  air, 
weighed  when  dry  30  grains;  but,  after  long  con- 
tinued ignition,  he  found  it  reduced  to  10,  and 
confequently  had  loft  two  thirds  of  its  weight  J. 
Here  then  a  diftindtion  appears,  which  Ihould  not 
be  neglecled  ;  in  my  own  experiments  I  generally 
found  argiil  precipitated  by  mild  volatile  alkali, 
and  dried  in  a  heat  of  70°,  to  lofe,  in  a  red  heat 
continued  for  half  an  hour,  about  36  per  ct.  and 
unaerared  argill,  about  30  per  ct.  much,  how- 
•  ever,  depends  on  the  previous  drying  in  air  of 
different  degrees  of  moifture ;  for,  Mr.  Klaproth 
found    aerated  argill,  well  dried   in   a  heat  ex- 
ceeding that  of  the  atmofphere,   to  lofe  by  two 
hours  calcination  only  30,5  per  ct.  §. 

\Viegleb  for  fome  time  followed  the  method  of 
Bergman;  previous  to  the  year  1786,  he  con- 
tented himfelf  with  barely  drying  his  earths  || ; 
but,  fince  that  period,  he  feems  to  have  gene- 

*  id  Chym.  Ann.  1789,  p.  24. 

t  id  Bcrob.  30. 

\  2d  Bergb.  32.  Knock  denies  the  diftin&ion  ;  but  it  it 
evident  he  was  fbmehow  deceived. 

§   5  Berl.  Beob.  67. 

||  ii  Ntv.  Entdeck.  And  ad  Chym.  Ann.  1784,  p. 
146.  ift  Chjm.  Ann.  1785,  p,  25,  249,  3^,4. 

rally 


Analyfis.  501 

rally  ignited  them,  though  probably  not  long 
enough  *. 

Weftrumb  has  alfo  conftantly  determined  the 
weights  of  his  earths  by  ignition,  and  in  many 
inftanceshas  fhewn  the  differences  of  their  weights 
when  heated  in  the  ufual  manner,  and  after 
ignition  5  he  has  proved  that  even  ponderous  ipar 
requires  ignition  to  dry  it  perfectly;  but  he  does 
not  feem  to  have  regulated  the  time  they  fhould 
be  expofed  to  a  red  heat. 

Dr.  Withering  dried  his  argill  in  a  low  red 
heat  for  10  minutes;  the  other  earths  he  feems  to 
have  barely  dried  in  the  heat  of  the  atmofphere. 
Klaproth  conftantly  afcertains  the  weight  of  all 
his  earths,  after  low  ignition  for  half  an  hour. 
As  in  moft  ftones  the  component  earths  are  in  an 
exceeding  dry  flate,  and,  if  not,  the  weight  of 
water  and  air  they  contain  fhould  be  afcertained 
previous  to  their  analyfis ;  it  fhould  feem  that 
the  deficcation  occafioned  by  ignition  is  that 
which  approaches  moft  to  their  natural  ftate,  and 
confequently  fhould  always  be  obtained. 

4.  The  difficulties  accompanying  the  ap- 
plication of  the  Pruflian  tell  have  occafioned  many 
errors. 

Weigleb  conftantly  employed  the  blood  lye-}*: 
this  is  fcarce  ever  perfeftly  faturated,  and,  at 
leaft  after  a  ihort  time,  precipitates  earths  as 
well  as  metals;  alfo,  by  reafon  of  the  vitriolic 
acid  it  contains,  calx  cannot  efcape  ic ;  hence 
perhaps  he  has  deteded  none  where  others  have 
found  it ;  befides,  he  makes  no  deduction  for  the 
iron  contained  in  this  alkali. 

*  ift  Chym  Ann.  1786,  117.     iftdo.  1787,    19.    And 
1788,  49. 
t  ittCrell,  Beytrage,  5?. 
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Mr.  Bergman  informs  us.  the  Berlin  blue  he 
employed  in  making  his  Pruffian  alkali  contained 
23  per  ct.  of  Pruffiated  ironj  the  remainder  being 
argill,  or  embryon  alum. 

Of  this  Berlin  blue,  he  employed  in  making 
a  quart  of  his  lye  960  grains;  and,  fince  100  of 
the  blue  contain  24,  960  mud  have  contained 
220,8  of  Pruffiated  iron. 

But  Pruffiated  iron  only  contains  half  its  weight 
of  the  tinging  matter,  then  his  Pruffiated  iron 
contained  110,4  of  Pruffiated  acid,  ar>d  110,4  of 
calx  of  iron. 

A  quart  of  his  lye  he  computed  to  contain 
240  grains  of  alkali,  and  1 10.4  of  Pruffian  acid, 
and  1 6  docirnaftic  pounds  (that  is,  0,6  grains  mul- 
tiplied by  16)  •=.  9,6  of  Pruffiated  iron.  Or  four 
docirnaftic  pounds  of  this  iron  (tha:  is,  0.6 
multiplied  by  4  =  2,4  grains)  for  every  60  grains 
alkali,  as  240  grains  alkali  make  up  400  doci- 
maftic  pounds. 

He  then  tells  us,  that  a  precipitate  made  by 
this  lye,  dried,  I  fhould  fuppofe,  in  a  heat  of  21 2° 
for  5  minutes,  contains  one-fixth  of  its  weight  of 
metallic  iron,  denuding  2,4  grains  for  every  60 
Drains  of  alkali  employed  in  making  the  precipi- 
tate. He  does  not  tell  us  whether  this  quantity 
iliould  be  deducted  from  the  fixth  part  thus 
found,  or  from  the  whole  precipitate  by  the  di- 
vifion  by  6;  or,  in  other  words,  whether  it 
fhould  be  deducted  from  the  quotient  or  the  di- 
vidend ;  iit  his  fecond  volume,  p.  435 ,  he  feems 
to  require  it  fhould  be  deducted  from  the  quo- 
tient, though,  in  reafoja,  it  fhould  rather  be  de- 
ducted from  the  dividend,  as  he  tells  us  it  is 
undecompofed  Berlin  blue  ;  however  this  may 
be,  in  his  Analyfis  of  JLythomarga,  vol.  IV/  p. 

5  »49.« 
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149,  and  in  that  of  Pouzzolana,  vol.  III.  p.  193, 
and  his  Treatife  on  Gems,  he  totally  omits  this 
deduction. 

Let  us  now  fee  how,  on  Mr.  Bergman's  ftate- 
ment,  a  weight  exceeding  five  times  that  of  the 
metallic  iron  precipitated  could  accrue.  100 
grains  of  metallic  iron,  being  reduced  to  a  cal- 
cined ftate,  weigh  140  nearly;  thefe.  when  Pruf- 
iiated,  ihould  weigh  280  grains,  as  has  been 
ihewn.  -Again,  240  grains  alkali  take  up  by 
Bergman's  account  110,5  °^  the  tinging  matter, 
then  304  of  alkali  would  be  requisite  to  take  up 
140  of  the  tinging  matter,  the  quantity  required 
to  Pruffiate  the  140  grains  of  iron.  But 
every  60  grains  of  alkali  depofit  2,4,  there- 
fore 304  mould  depofit  12,16,  then  the  weight 
of  the  precipitate  fhould  be  280  +  12,16  = 
292,16  :  307  remain  to  be  accounted  for,  and 
mull  by  him  be  deemed  to  proceed  from  the  ar- 
gill  and  coal  taken  up  by  the  alkali,  and  fome 
alkali  retamed,  befides  water  *.  Mr.  Bergman 
does  not  ftrictly  adhere  to  the  pofition,  that  100 
grains  iron,  feparated  by  the  Pruflian  alkali, 
forms  a  precipitate  weighing  600  grains ;  for, 
vol.  II.  p.  392,  he  reduces  it  to  590.  Mr.  Ga- 
dolin,  in  a  mafterly  defence  of  Bergman,  pub^- 
lifliecl  in  the  Swedifh  Memoirs  for  1788,  informs 
us,  that  Bergman  dried  his  precipitate  in  the 
temperature  of  the  atmofphere ;  and,  according 
as  that  was  warm  or  cold,  moift  or  dry,  the 
weight  of  the  precipitate  varied  from  602  to 
595,  but,  when  dried  in  the  temperature  of  160 
or  1 80°  Fahrenheit,  he  conftantly  found  it  to 


*  But   principally   from   the   rete.tf,    which   far   exceeds 
} 2, 1 6  grain--}  as  Welirujnb  dempnttrates. 
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weigh  540  grains.  The  true  account  feems  to 
be  this :  304  grains  alkali  are  requifite  to  take 
up  the  tinging  matter  of  280  grains  of  Pruffiated 
iron,  the  alkali  Ihould  then  weigh  304+140  — 
444  grains,  but  80  grains  of  the  alkali  faturated 
in  this  manner  take  up  20  of  calx  of  iron,  as  Mr. 
Weftrumb  has  demon ftrated,  confequently  444 
fhould  take  up  in,  then  the  precipitate  Ihould 
weigh  292  +  111=403,  the  remainder  may  be 
argill,  coal,  and  moifture. 

I  make  no  doubt  but  Bergman  and  Gado- 
lin  found  the  refults  as  they  have  dated  them ; 
but  it  is  plain  they  make  ufe  of  the  fame  fort  of 
Berlin  blue  in  Pruffiating  their  alkali ;  another 
fpecies  of  Berlin  blue,  containing  more  or  lefs 
argill,  charcoal,  or  Pruffiated  iron,  would  cer- 
tainly produce  a  variance  in  the  relent;  and  hence 
it  is  that  every  other  chemift,  who  has  examined 
a  Pruffiated  alkali,  formed  like  that  of  Bergman, 
found  the  quantity  of  calx  of  iron  it  retained 
very  different,  and  if  the  relent  be  variable,  the 
weight  of  the  precipitate,  dried  how  it  may  be, 
mult  alfo  be  variable,  and  confequently  this  mode 
of  determining  the  weight  of  iron  in  any  foffil  is 
not  to  be  depended  upon. 

i  ft,  Dr.  Withering  employed  an  alkali  formed 
by  the  detonation  of  nitre  and  cryftals  of  tartar 
juft  as  Bergman  did,  and  boiled  it  over  Berlin 
blue  until  it  was  faturated.  He  does  not,  in- 
deed, tell  us  the  proportion  of  Berlin  blue  to 
the  alkali ;  neither  is  it  material,  as  Gadolin 
owns,  for  he  found  no  difference  when  the  alkali 
was  one-fourth,  one-eighth,  or  even  half*  ;  and, 
having  added  this  Pruffiated  alkali  to  a  folution 

*  Schwed.  Abhandl.  1788,  p.  115. 
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containing  iron,  he  found  the  precipitate  dried  in 
the  temperature  of  the  atmofphere  to  weigh  66 
grains ;  this  then,  according  to  Bergman,  ought 
to  contain  1 1  grains  of  metallic  iron,  and,  if  we 
are  to  make  a  deduction  of  the  Pruffian  blue 
contained  in  the  alkali,  ftill  lefs ;  yet  Dr.  Wi- 
thering having  calcined  the  precipitate  in  a  low 
red  heat  found  the  whole  to  amount  to  3  i  grains 
and  a  half,  and  after  deducting  1 1  and  a  half, 
which  were  the  retent  of  the  Pruffiated  alkali, 
the  quantity  in  the  foffil  amounted  to  20  grains, 
but  this  being  in  a  calcined  (late  muft  be  farther 
reduced  in  the  proportion  of  140  to  100,  and 
then  we  have  14,29  of  metallic  iron  inftead 
of  ii. 

Again,  it  being  eftabliihed  that  Pruffiated  iron 
is  in  a  calcined  ftate,  and  contains  its  own  weight 
of  the  tinging  acid,  and  that  240  grains  of  the 
alkali  take  up  the  tinging  acid  of  221  grains  of 
Pruffiated  iron,  and  confequently  110,5  of  the 
tinging  acid,  it  follows  that  100  grains  of  the  al- 
kali take  up  46  of  the  tinging  acid,  and,  vice 
verfa,  46  parts  of  the  tinging  acid  require  for 
their  faturation  100  of  vegetable  alkali;  if  fo, 
the  20  grains  of  calx  of  iron  found  by  Dr.  Wi- 
thering took  up  20  of  tinging  matter,  and  this 
quantity  of  tinging  matter  required  43,48  of  al- 
kali, confequently  its  retent  ought  not,  according 
to  Bergman,  to  amount  even  to  2,4  grains  of 
Pruffiated  iron,  yet  the  Doctor  found  it  to  amount 
to  11,5  grains  of  calx,  which  when  Pruffiated 
amount  to  23  of  Pruffiated  iron  ;  here  we  have 
the  weight  of  the  precipitate  clearly  accounted 
for,  40  grains  being  the  part  of  the  Pruffiated 
iron  contained  in  the  foffil,  and  23  in  the  retent 

equal 
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equal  to  63,  the  three  remaining  grains  being  ar- 
gill  or  moifture. 

2d,  Mr.  Weflrumb  formed  a  lye  of  the  fame 
fort  as  Bergman,  by  faturating  eight  ounces  of 
vegetable  alkali  with  the  tinging  matter  of  the 
Berlin  blue.  This  lye  he  evaporated  and  found 
to  yield  10,81  ounces  of  Pruffiated  alkali*;  it 
ihould  certainly  yield  much  more  (for  fince  100 
grains  of  alkali  take  up  46  grains  of  the  tinging 
acid,  8  ounces  =  384^  grains,  mould  take  up 
1766  of  the  tinging  acid,  and  confequently  weigh 
11,66  ounces),  had  it  not  been  that  much  of 
the  natural  fak  thus  formed  is  decompofed  du- 
ring the  evaporation,  as  Mr.  Weflrumb  himfelf 
has  (hewn  ;  foi,  two  ounces  of  this  fait  being  re- 
diffolved  afforded  one  ounce  and  a  half,  and  12 
grains  of  iron  were  depofited  ;  now  ico  parts  of 
this  fak,  being  decompofed  by  vitriolic  acid,  af- 
forded him  40  parts  of  Pruffiated  iron,  and  when 
decompofed  by  calcination  19,3  of  calx  of  iron. 
He  alfo  found,  that  after  a  few  minutes  the  lye 
decompofes  folutions  of  alum,  and  other  folu- 
tions-that  contain  an  excefs  of  acid. 

Hence  it  fufficiently  appears,  without  adducing 
other  teftimonies,  that  this  teft,  thus  prepared, 
is.  produftive  of  many  errors ;  and  that  Mr. 
Bergman's  computation  of  the  quantities  of  iron 
is  fubject  to  two  errors,  which  in  fome  cafes 
correct  each  other,  one  which  makes  the  quan- 
tity of  iron  too  fmall,  by  reckoning  it  only  one- 
lixth  part  of  the  precipitate,  and  another  that 
makes  it  too  great,  by  making  too  fmall  an  al- 
lowance for  'the  retent  of  the  Pruffian  alkali ; 
however,  fometimes  one,  and  fometimes  the 

*  ad  Weflrumb,  155,  156,  &c. 
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other,  predominates;  it  fhould  alfo  be  remem- 
bered, that  the  quantities  he  indicates  denote 
iron  in  a  metallic  flate,  unlefs  the  contrary  be 
cxprefly  mentioned. 

The  analyfis  of  Klaproth  and  Weftrumb  are 
free  from  thefe  errors;  laftly,  in  thofe  cafes  where 
ftones  are  torrefied  with  aerated  alkalis,  it  is  dif- 
ficult to  know  whether  the  calx  and  magnefia 
found  in  them  were  originally  aerated  or  nor, 
particularly  when  they  abound.  Bergman  is 
guided  by  the  excefs  or,  defeft  of  weight. 


A  D  D  I- 


ADDITION. 

P.  172. — Species  20. 
Baikalite. 

Its  colour,  olive  green. 

Cryftaliized  in  quadrangular,  hexangular,  or 
o&ohasdral  prifms,  terminated  with  an  oblique 
pyramid ;  the  octangular  have  four  broad,  and 
four  narrow  fides.  From  two  to  ten  inches  long, 
and  from  half  an  inch  to  four  inches  thick.  Sur- 
face fmooth,  feldom  longitudinally  ftreaked. 

Luftre  1.2.  Rather  greafy  ;  often  infome  po- 
fitions  mutably  refplendent.  Tranfparency,  o.i. 

Fracture,  fplintery,  pafling  into  the  conhcoidal. 
Fragments,  2.3.  Hardnefs,  8.9.  Specific  gra- 
vity, 2,200.  Gives  a  white  ftreak. 

Does  not  effervefce  witn  acids,  except  fome 
calcareous  particles  be  contained  in  the  rifts. 

When  heated,  it  fometimes  reddens,  and  at  laft 
melts  into  a  dark  green  glafs. 

By  the  analyfis  of  Mr.  Lowitz,  it  contains  0,44 
filex,  0,30  magnefia,  0,20  calx,  0,06  calx  of 
iron,  and,  cafually,  fluor  acid. 

This  (tone  has  as  yet  been  found  only  on  the 
borders  of  the  lake  Baikal,  in  Siberia,  from 
which  it  derives  its  name  *.  Some  have  called  it 

*  7  Chy.  Annal.  1793,  22.     5  Crell  Beytr.  4  Stuk  407. 
2  Jhorl, 


Jhorl,  others  -cryftallized  hornblende ;  but  the  ab- 
fence  of  argill,  and  the  quantity  of  magnefia  it 
contains,  to  fay  nothing  of  its  external  characters, 
prove  it  to  be  a  diflinct  fpecies  of  the  Muriatic 
Genus. 
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